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(57) Abrege/Abstract: 

A steel sheet composition contains appropriate amounts of C, Si, Mn ( P, S, Al and N and 0.5 to 3.0% Cu. A composite structure of 
the steel sheet has a ferrite phase or a ferrite phase and a tempered martensite phase as a primary phase, and a secondary phase 
containing retained austenite in a volume ratio of not less than 1%. In place of the Cu, at least one of Mo, Cr, and W may be 
contained in a total amount of not more than 2.0%. This composition is useful in production of a high-ductility hot-rolled steel sheet, 
a high-ductility cold-rolied steel sheet and a high-ductility hot-dip galvanized steel sheet having excellent press formability and 
excellent stain age hardenability as represented by a ATS of not less than 80 MPa, in which the tensile strength increases 
remarkably through a heat treatment at a relatively low temperature after press forming. 
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ABSTRACT OF THE DISCLOSURE 

A steel sheet composition contains appropriate amounts 
of C, Si, Mn, P, S, Al and N and 0.5 to 3.0% Cu. A 
composite structure of the steel sheet has a "ferrite phase 
or a ferrite phase and a tempered martensite phase as a 
primary phase, and a secondary phase containing retained 
austenite in a volume ratio of not less than 1%. In place 
of the Cu, at least one of Mo, Cr, and W may be contained in 
a total amount of not more than 2.0%. This composition is 
useful in production of a high-duct ility hot-rolled steel 
sheet, a high-ductility cold-rolled steel sheet and a high- 
ductility hot-dip galvanized steel sheet having excellent 
press formability and excellent stain age hardenability as 
represented by a ATS of not less than 8 0 MPa, in which the 
tensile strength increases remarkably through a heat 
treatment at a relatively low temperature after press 
forming. 
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HIGH-DUCTILITY STEEL SHEET EXCELLENT IN PRESS FORMABILITY 
AND STRAIN AGE HARDENABILITY, AND METHOD FOR MANUFACTURING 
THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates mainly ; to steel sheets 
for automobiles , and more particularly,, to high-ductility 
steel sheets having very high strain age hardenability and 
excellent press formability such as ductility; stretch- 
flanging formability, and drawability, in which the tensile 
strength increases remarkably through a heat treatment after 
press forming, and to methods for manufacturing the same. 
The term "steel sheets" as herein used shall include hot- 
rolled steel sheets, cold-rolled steel sheets, and hot-dip 

galvanized steel sheets. The term "steel sheets" as herein 

... \ 

used shall also include steel sheets and steel strips. 

* 

1. t 

4. 

2. Description of the Related Art 

In recent years, weight reduction in automobile bodies 
has become a very important issue in relation to emission 
gas control for the purpose of preserving global 
environments. More recently, efforts are made to achieve 
higher strength of automotive steel sheets and to reduce 
steel sheet thickness in order to reduce the weights of 
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automobile bodies. 

Because most of the body parts of automobiles made of 
steel sheets are formed by press working, steel sheets used 

r 

must have excellent press f ormability . in order to achieve 
excellent press formability, it is necessary to ensure high 
ductility. Stretch flanging is frequently applied', so that 
the ' steel sheet's to 'be used must have a high hole-expanding 
ratio; - Iri general* V" however/ a" higher strength' of keel" 
sheet-- tends 'to result " in a lower ductility and a 'lower hole- 
expanding rat 10 ; T - thus- leading cto * poor * pr e-s s f drmabf rity A v s : 
a ' result /* c tftere r 'lias ,ff c6nveHti6'n4liy^'beeft iri x'rtcfea^siri^ 1 deift^iid 
for high^strehgtih'^t-eea' 'sheets' '* having : 'tiicjfft' ^ducti lity arid ~ r ' 
excellent press f ormability . 1 

Importance is now placed on safety of -an' automobile " 
body' to protect' a driver and; passengers upon collision, and 
for- this purpose/ steel'' sheets must" have ' improved impact 
resistance as a standard' of safety' upon collision. For the 
purpose of improving the crashwof thiness, a higher strength 
in a completed automobile is : more favorable.' There has 
therefore been the 1 strongest demand for steel sheets having 
low strength, high ductility, and excellent press 
formability upon forming automobile parts, and having high 
strength an'd excellent crashworthiriess in completed products 

To satisfy such a ' demand, a steel sheet high both in 
press formability and strength was developed. This is a 

} 
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bake hardenable type steel sheet of which the yield stress 
increases by applying ' a bake treatment including holding at 
a high temperature of 100 to 200°C after press forming. In 

- 

this steel sheet, the C content remaining finally in a solid 
solution state (solute C content) is controlled within an 
appropriate range so as to keep the softness, shape 
fixability, and ductility during press forming. In a bake 
treatment performed after the press forming of this steel 
sheet, the solute C is fixed to a dislocation introduced 
during the press forming and inhibits the movement of the 
dislocation, thus resulting in an increase in yield stress. 
In this bake hardenable type automotive steel sheet, the 
yield stress can be increased, but the tensile strength 
cannot be increased. 

Japanese Examined Patent Application Publication No. 5- 
24979 discloses a bake hardenable high-strength cold-rolled 
steel sheet having a composition comprising C: 0.08 to 0.20% 
Mn: 1.5 to 3.5% and the balance Fe and incidental impurities 
and having a structure composed of uniform bainite 
containing not more than 5% of ferrite or composed of 
bainite partially containing martensite. The cold-rolled 
steel sheet disclosed in Japanese Examined Patent 
Publication No. 5-24979 is manufactured by rapidly cooling 
the steel sheet to a temperature in the range of 400 to 
200°C in the cooling step after continuous, annealing and 
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then slowly cooling the same, A high 'degree of baking 

hardening : conventionally unavailable is thereby achieved 

through conversion from the conventional structure* mainly 

. . - * ■ - - r 

Comprising ieirrite to a structure mainly comprising bainite 

in the steel sheet. 

In the steel sheet disclosed in Japanese Examined 
Patent' Application - Publication No.' 5-24 97 9", a hi^h degree of 
baking hardening conventionally unavailable is * 6btained 
through ah increase in yield strength' after bake ' treatment . 
Even in 1 this' steel sheet , ^hdweVer^; 'it ? xs : yet ^dif f icuit"- to'"- 

t ■ » - - ■ 

increase tensile strength a'f tei: the bike treatment, and ' y ah" 
improvement' in crasHwdrthiness cannot still be achievedl* " 

On- th4" other 'hand/ some hot-rolled stedl sheets are' 
proposed with a view to increasing not only yield strefcb but 
also tensile^ strehgth^by" applying a heat" treatment' after 

* * T — - , - . 

press' forming. 

v For example? Japanese Examined Patent Application 
Publication Ndv 8-23048 proposes a" method for manufacturing 
a hot-rolled steel sheet comprising the steps' of reheating a 
steel containing C: 0.02 to 0.13%, Si: not more than 2.0%, 
Mn: 0.6 to 2.5%, sol. Al : not more than 0.10%, and N: 0.0080 
to 0.0250% to a temperature of not less' than l,100 b C and 
applying hot finish rolling at a temperature of 850 to' 950 o C- 
The method also comprising the steps of cooling the hot- 
rolled steel sheet at a cooling raite of not less than 
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15°C/second to a temperature of less than 150°C, and coiling 
the same, thereby forming a composite structure mainly 
comprising ferrite and martensite. In the steel sheet 

» 

manufactured by the technique disclosed in Japanese Examined 

i 

Patent Application Publication No. 8-23048, the tensile 
strength and the yield stress increase by strain age 
hardening; however, a serious problem is posed in that 
coiling of the steel sheet at a very low coiling temperature 
as less than 150°C results in large variations in mechanical 
properties. Another problem includes a large variation in 
increment of yield stress after press forming and bake 
treatments, as well as poor press formability due to a low 
hole-expanding ratio (X) and decreased stretch-flanging 
workability . 

Japanese Unexamined Patent Application Publication No. 
11-199975 proposes a hot-rolled steel sheet for working 
excellent in fatigue characteristics, containing C: 0.03 to 
0.20%, appropriate amounts of Si,,Mn, P, S and Al, Cu:.0.2 

* 

to 2.0%; and B: 0.0002 to 0.002%, of which the 



microstructure is a composite structure comprising ferrite 
as a primary phase and martensite as a second phase, and the 
ferrite phase contains Cu in a solid-solution and/or 
precipitation state of not more than 2 nm. The steel sheet 
disclosed in Japanese Unexamined Patent Application 
Publication No. 11-199975 has. an object based on the fact 
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that the fatigue limit ratio is remarkably improved only 
when Cu and B are added in combination, and Cu is present in 
an ultra fine state not more than 2 nm. For this purpose, 
it is essential to complete hot finish rolling at a 
temperature above the A r3 transformation point, air-cool the 
sheet within the temperature region of A r3 to A rl for 1 to 10 

* _ ■ « 

seconds, cool the sheet at a cooling rate of not less than 
20°C/second, and coil the cooled sheet at a temperature of 
not more* than 350°C. A low coiling temperature of not more 
than 350 o c' : ca'Use's. ; serIou^ deformdtidn^^df the shape ol^ttii?:'" 
hot-rolled steel sheet, thus inhibiting industrially stable 
manufacture- 

* » * j» - 

On the other hand, some automobile parts must have high 
corrosion resfstanfcel A hot-dip' 'galvariized steel sheet is 

. * * » • * 

suitable as : a material applied to' portions requiring high, 
corrosion' - resistance: For this reason, a particular demand 
exists- for hot-dip galvanized' steel sheets excellent ' in 
press fbrmability during forming, and is considerably 
hardened by a heat treatment after the forming. 

To respond to such a demand, for example, 'Japanese 
Patent Publication No- 2802513 proposes a method for 
manufacturing a hot-dip galvanized steel sheet using a hot- 
rolled steel sheet as a black plate, the method comprises 
the steps of hot-rolling a steel slab containing C: not more 
than 0.05%, Mn: 0.05 to 0.5%, Al : not more than 0.1% and Cu: 
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0,8 to 2.0% at a coiling temperature of not more than 530°C. 
The method further comprising the subsequent steps of 
reducing the steel sheet surface by heating the hot-rolled 
steel sheet to a temperature of not more than 530°C, and 
hot-dip-galvanizing the sheet, whereby remarkable hardening 
is available through a heat treatment after forming. In the 
steel sheet manufactured by this method, however, the heat 
treatment temperature must be high as not less than 500°C, 
in order to obtain remarkable hardening from the heat 
treatment after the forming, and this has a problem in 
practice. 

Japanese Unexamined Patent Application Publication No. 
10-310824 proposes a method for manufacturing an alloyed 
hot-dip galvanized steel sheet having increased strength by 
a heat treatment after forming, using a hot-rolled or cold- 
rolled steel sheet as a black plate. This method comprises 
the steps of hot-rolling a steel containing C: 0.01 to 0.08%, 
appropriate amounts of Si, Mn, P, S, Al and N, and at least 
one of Cr, W and Mo: 0.05 to 3.0% in total. The method 
further comprises the ~ s"€e|T of coTd-rol 1 i ng~ or~ "temper -roll! ng " 
and annealing the sheet. The method still further comprises 
the step of applying hot-dip galvanizing to the sheet and 
heating the sheet for alloying treatment. The tensile 
strength of the steel sheet is increased. by heating the 
sheet at a temperature within the range of 200 to 450°C. 



1 
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However, the resultant steel sheet involves" a problem in 

« . , ' • < .• - ■ 

that the microstructure comprises a ferrite single phase, a 

ferrite and pearlite composite structure, or a ferrite* and 

bainite composite structure; hence, high ductility and low 

r ♦ 
•"" ^ ' * *" * • * t m * * - _ - * •- - - - w ■ 

yield strength are unavailable, resulting in low press 
formability. 

SUMMARY" OF THE 4 INVENTION : ' ' 

Th^" present invention was made in view' of the fact that, 
in spite of ' the strong demariii. as " describee! above) a" 
technique 1 f or 'industrially stably" Wa ,; 
sheet satisfying these properties ' has' never been'" found. The 
present ' invention solves ' the problems described above . It 
is an object" of the present invention to provide is ' directed 

to high-ductility and high-strength 'steel sheet's "suitable 

. » _ * . _ „ . . _ ..... _ 

for automobiles aricl having excellent" press formability 'and 

excellent r strain ; age haircl'enab'iiity , ' in which the" tensile 

strength increases considerably through a heat treatment at 

a relatively low temperature after press forming. **~It is 

also an object of' the present invention to provide a 

manufacturing method capable of stably manufacturing the 

high-ductility and high-strength steel' sheets . ' 

To achieve the above-mentioned object of the invention, 

the inventors carried out extensive studies on the effect of 

the steel sheet structure and alloying elements on strain 
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age hardenabili ty . As a result, the inventors found that a 
steel sheet having high age hardenability which leads to 
both an increase in yield stress and a remarkable increase . 

r 

in tensile strength can be obtained after a pre-def ormation 
treatment with a prestrain of not less than 5% and a heat 
treatment at a relatively low temperature as within the 
range of 150 to 350°C by (1) forming a composite structure 

of the steel sheet comprising ferrite and a phase containing 

J- 

retained austenite in a volume ratio of not less than 1% , 
and (2) limiting the C content within the range of a low- 
carbon region to a medium-carbon region and containing Cu 
within an appropriate range or at least one of Mo, Cr, and W 
in place of Cu. In addition, the steel sheet was found to 
have satisfactory ductility, a high hole expanding ratio, 
and excellent press f ormability . . 

The results of a fundamental experiment carried out by 
the inventors on hot-rolled steel sheets will first be 
described. 

- . . , . 

A sheet bar having a composition comprising, in weight 
percent", ~CT OTTOS, ~ST: " T. 4%~T Mn7~TT5"%\ 7 TP: ~~0T0iT~ S: ' '0\005% r ~ 
Al: 0.04%, N: 0.002% and Cu: 0.3 or 1.3% was heated to 
1,250°C and soaked. Then, the sheet bar was subjected to 
three-pass rolling into a thickness of 2.0 mm so that the 
finish rolling end temperature was 850°C. Thereafter, 
cooling conditions and the. coiling temperature were changed 



1 
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variously to convert a "single ferrite structure steel sheet 
into a Hot-rolled steel sheet with a composite structure 
composed of ferrite as a primary phase and a retained 
austenite-containing phase "as a secondary phase (hereinafter 
referred to also as a composite f e'rrite/retained ' austenite 
structure) . 

Tensile properties were investigated by a tensile test 
on the resultant Kot-rolled steel sheets. A pre - de forma t ion 
treatment of a tensile prestrairi 'of 5% was applied to : each 
test "piece sampled "from 'these : hot-fbiled steel' sheets : 4 Then, 
after applying a heat ? treatment' -at 50 to 350°C f or 20 r ' *' ' p: 
minutest a tensile test was carried out to 'determine 'tensile 
properties; and the 'strain J a'ge hardenability was evaluated. 

The strain-' age hardenability was ' evaluated' in terras' of 
thV increment ATS that is a* difference between the tensile 
strength' : TS HT after'- heat treatment and~tHe tensile strength 
TS before the heat treatment ^ 4 That is, ? ATS »' (tensile " 
strength TS HT after heat : treatment )- (tensile strength TS^ 
before pre-deformation treatment) . The tensile test was 
carried out by using JIS No. 5 tensile test pieces sampled 
in the rolling direction. 

Fig. 1 illustrates the 'effect of the Cu content on the 
relationship between' ATS and the steel sheet structure . A 
pre-defo'rmatioh treatment of a tensile prestrain of 5% and 
then a heat treatment of 250°C for 20 minutes were applied 
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to the test pieces. The increment ATS was determined from 
the difference in tensile strength TS between before and 
after the heat treatment.. Fig. 1 suggests that, for a Cu 
content of 1.3 wt.%, a high strain age hardenability as 

♦ * 

represented by a ATS of not less than 80 MPa is obtained by 
forming a composite f errite/retained austenite steel sheet 
-s tr-ucture-r-— For— a— — ATS— is -less— than— 

80 MPa, irrespective of the steel sheet structure, and high 
strain age hardenability cannot be obtained. 

It is possible to manufacture a hot-rolled steel sheet 
having a high strain age hardenability by limiting the Cu 
content within an appropriate range, and forming a composite 
structure having ferrite as a primary phase and a retained 
austenite-containing phase as a secondary phase. 

Fig. 2 illustrates the effect of the Cu content on the 
relationship between ATS and the heat treatment temperature 
after pre-strain treatment. The microstructure of the steel 
sheet is a composite structure having ferrite as a primary, 
phase and a retained austenite-containing phase as a 
secondary phase, and the volume raTTo of ^the retained 
austenite structure is 8% of the entire structure. 

Fig. 2 shows that the increment ATS increases as the 
heat treatment temperature increases and strongly depends on 
the Cu content . With a Cu content of 1.3., wt.%, a high 
strain age hardenability as, represented, by a ATS of not less 



Best Available Copyo2387322 2002-05-24 



- 12 - 

* ■ .... ■ . . , ■ . 

than 80 MPa* is obtained at a heat treatment temperature of 

not less 'than 150°C. For a Cu content of 0.3 wt.%, ATS is 

less than 80 MPa at any heat treatment temperature, arid high 

r * 

strain age hardenability cannot be obtained.' 

In addition/ a hole expanding test was carried out on. 
steel" sheet's having a single ferrite structure of a 
composite f errite/f etained austenite structure, "and Cu 
contents of 0 .3 wt V s and 1.3 wt%'/ and the hoi e v expanding r 
ratio A. was determined: In the hole expartdirTg* test , punch 

• ■ 4 ...» t 

holes were forced 'inT^estr 

punch having a "* diame*ter"of • iO "nim:' : Thereafter^ holfe : ; ' : 0 
expansion was conducted^ wi th a co*nical v punch J ^ 

* ^ 

vertical angle "6f :: 60 degrees r so that "thW burr was outside, 
until 1 ciracks passing through thie sheet : in ! 'the thickriess" : 21 " 
dire*bt ; i6h"fofm. Trie hole expanding; ratio' X Was" cfeterminecl by 
the formula °= { (d-d 0 )7d 0 } x ibb^where d 0 ; represents tWe 
initial hole ' diameter , and d represents "* the hole* inside 1 
diameter 'on dccurrence of cracks. ' ' 

In the case" of a'Cu content of 1.3 w£%, a hot-rolled 
steel sheet having a composite f errite/retained austenite 
structure had a hole expanding ratio of about 140%, and a 
hot-rolled steel sheet having a single ferrite structure 
also had a hole expanding ratio of about 140%. In contrast, 
iri- the ^case of a Cu' content of 0.3 wt%V a hot-rolled steel 
sheet havfrig a single ' ferrite structure had a hole Expanding 



! 
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ratio of 120%, and a hot-rolled steel sheet having a 
composite f err ite/retained austenite structure had a hole 
expanding ratio of about 80%. 

As described above,, it is clear that the hot-rolled 
steel sheet having a composite f errite/retained austenite 
structure has an increased hole expanding , ratio and that 
hole expanding formability is improved with an increased Cu 
content. A detailed mechanism of the improvement in hole 
expanding formability by Cu has not yet been .clarified. The 
contained Cu is considered to reduce the difference in 
hardness between the f errite/retained austenite and the 
strain-induced transformed martensite. 

In the hot-rolled steel sheet of the present invention, 
very fine Cu precipitates in the steel sheet as a result of 
a pre-def ormation with a strain of 2% or more as measured 
upon measuring the increment of deformation stress from 
before to after a usual heat treatment and the heat 
treatment carried out at a relatively low temperature in the 
range of 150 to 350°C. According to a study carried out by 
the presentrinventorsy " h~i gh~ s train "age hardenarjility " 
bringing about an increase in yield stress and a remarkable 
increase in tensile strength probably achieved by the 
precipitation of very fine Cu. Such precipitation of very 
fine Cu by a heat treatment in a low-temperature region has 
never been observed in ultra-low carbon steel or low-carbon 
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steel in reports so far released. A reason for 
precipitation of very fine Cu in a heat treatment at a low 

1 * m ■ 

temperature has not as yet been clarified to date. However, 
it is presumable * as follows. During ^isothermal holding in 
the temperature range of 620 to 780°C or during slow cooling 
from this temperature range after 'rapid cooling 'subsequent 
to hot rolling, a large amount of Cu is distributed to the y 
phase: After 1 cooling, Cu is dissolved" in the ' retained 
austenite in a supersaturat ion state. The' retained 1 - 
austehite*' is:Vtrarisf brmed into martensite^ by ' a'.* pre strain 'of 
not less' ■""than- 5%y f and f \rery fi;ne r Gii px e c i p i k r t &s~ ' rn J *the : " - r ' VJ 
strain-induced" transformed 1 martensite "during^ af •"subsequent"'' " 
low-temjperature treatment. • ' : 

Next, the results of a' fundamental" experiment ' carried : : 
out by the r pre sent: inventors on the cold-rolled steel sheet 
will be described. ; 1 * ; * - r 

A sheet bar having a composition comprising, in' 'weight 
percent; C: ' 0.10%; - Si : 7 1.2%, Mn: 1.4%, P: 0^.01%, S: 0.005%, 
Al: 0.03%, N: 0\002% : , and Cu: 0.3 or 1 . 3% was heated to 
l,250°C r soaked and subjected to three-pass rolling into a 
thickness of 4.0 mm so that the finish rolling end 
temperature was' 900°C': After the completion of finish 
rolling, a temperature : holding equivalent treatment of 600°C 
for 1 hour was applied as a coiling treatment. Thereafter/ 
the sheet was cold-rolled" at a reduction^ of 70% into a cold- 
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rolled steel sheet having a thickness of 1.2 mm. Then, the 
cold-rolled sheet was heated at a temperature in the range 
of 700 to 850°C and soaked for 60 seconds. Thereafter, the 
sheet was cooled to 400°C, and was held at the temperature 
(400°C).for 300 seconds for recrystallization annealing. By 
the recrystallization annealing, various cold-rolled steel 
sheets were obtained in which the structure changed from a 
single ferrite structure to a composite f errite/retained 
austenite structure. . 

Tensile tests were conducted on the resultant cold-roll 
steel sheets as in the hot^rolled steel sheets to determine 
tensile properties. Tensile properties (YS, TS) were 
determined by sampling test pieces from these cold-rolled 
steel sheets, applying a pre-def ormation treatment with a 
tensile prestrain of 5% to these test pieces, then heating 
the steel sheets at 50 to 350°C for 20 minutes, and then 
conducting the tensile tests. 

The strain age hardenability was evaluated in terms of 
the tensile strength increment ATS from before to after the 
heat ~ treatment— as- in the- hot— rol-led- steel— sheet- 

Fig. 3 illustrates the effect of the Cu content on the 
relationship between ATS . and the recrystallization annealing 
temperature. The value ATS was determined by applying a 
pre-def ormation treatment with a tensile prestrain of 5% to 
test pieces sampled from, the resultant- cold-rolled steel 



i 
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sheets, conducting a heat treatment of 250°C for 20 minutes, 
and carrying out a tensile' test. 

Fig.' 3 suggests that a high^ strain age hardenability" as 
represented by a ATS of not less than 80" MPa is available, 
in the case of a Cu content of 1.3 wt.%/ by employing a 
recrystallizatiorf annealing temperature 'of not less than 
750°C to convert the steel sheet structure into a composite 
ferritV/retarned 7 austenite structure . On the other hand, in 
the case of a Cu content' of 0.3 wt.%, high"" J strain ^ge 
hardenability' is "unavailable because is' less - than' 80 ; MPa 

at anV V; recrVstaiafzati'bW *'*arin'e''aling- 'temperatu're "Fig. 3 
suggests the possibility of manufacturing a cold-rolled 
steel' sheet having' a high" strain a"ge hardenability* by 

r 

' ' » 1 * 1 * ' .»* " f - 

optimizing the Cu content and forming a composite 

■ ■-■ < * * 

ferrite/retained- austenite structure. ' 

Fig. 4 illustrates the' effect of the Cu content on the 

relationship between' ATS and the fVeat treatment temperature 

after pfe-strain treatment. The steel sheet used was 

annealed at 800°C, which was the dual phase region of 

f errite (a) + austenite (y) , for a holding time of 60 

seconds after cold rolling, cooled from the holding 

temperature (800°C) to 400°C at a cooling rate of 30°C/second, 

and held at 4 00°C f or ' 300' seconds. The steel sheets had a 

composite f errite/retained austenite (secondary phase) 

microstructure, the volume ratio of the retained austenite 
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■ 

structure being 4%. 

Fig. 4 shows that the increment ATS increases as the 
heat treatment temperature increases and strongly depends on 

r 

the Cu content. With a Cu content of 1.3 wt.%, a high 
strain age hardenability as represented by a ATS of not less 
than 80 MPa is obtained at a heat treatment temperature of 

t ■ 

not less than 150°C. For a Cu content of 0.3 wt.%, ATS is 
less than 80 MPa at any heat treatment temperature, and high 
strain age hardenability cannot be obtained. 

In addition, a hole expanding test was carried on cold- 
rolled steel sheets having a composite f errite/retained 
austenite structure and Cu contents of 0.3 wt% and 1.3 wt.% 
to determine the hole expanding ratio (A.) , as in the hot- 
rolled steel sheet. 

In the cold-rolled steel sheet with a Cu content of 
1.3%, X was 130%; while in the cold-rolled steel sheet with 
a Cu content of 0.3 %, X was 60%. It is clear that, for a Cu 
content of 1.3 wt.%, the hole expanding ratio is increased 
and hole expanding formability is improved even in the cold- 
rolled steel sheet , as in" the " hot^rdlled' steel sheetf. A 
detailed mechanism of improvement in hole expanding 
formability with content of Cu has not yet been clarified, 
as in the hot-rolled steel sheet. Also, in the cold-rolled 
steel sheet, it is considered that the contained Cu reduces 
the difference in hardness between the f errite/retained 
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■ ■ • . .<•.»; ... . . ' . ' . # 

austenite structure and the strain-induced transformed 

. " j ■ • 1 . . • • 

martensite structure. 

In the cold-rolled steel sheet of the present invention 

very fine Cu' precipitates" in the steel' sheet as' a "result of 

* • - - , -. * - • - - . k »f. 

a pre-def ormation with a strain larger than 2%, which is 

equivalent to the prestrain on measuring the deformation 

• *•*■*" ........ . . . . . . ■ _ • 

stress increment from Before to after a usual heat treatment 

and a heat" treatment at "a relatively low temperature of 150 

to 350°C. According to a study carried out by^the present 

inventors"/ ."also in ' the' cpld-rblled steel sheet, "high" strain 

age hardenability bringing about an increase in yield stress 

and a remarkable "increase in tensile strength' is probably 

achieved by the precipitation of "very fine Cu . A reason for 

precipitation o"f very' fihe' Cu in" a heat treatment in a low 

temperature region has not as yet been ' clarified to date'. 

However/ it is presumable as follows. 'During 

recrystallizatiorr annealing in the aual phase region of a + 

y, a large amount of Cu is distributed to the y phase- The 

distributed' Cu remains even after cooling 'and is dissolved 

"... . 

into the martensite in a supersatura tion state, and very 

fine Cu precipitates through a prestrain of hot less than 5% 

* . • . •. * ,■ ■ . . < < 

and a" low-temperature treatment. 

Next, the result of a fundamental experiment carried 
out by the present inventors on the hot-dip galvanized steel 
sheet will be described. 
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A sheet bar having a composition comprising, in weight 
percent, C: 0.08%, Si: 0.5%, Mn: 2.0%, P: 0.01%, S: 0.004%, 
Al: 0.04%, N: 0.002% and Cu: 0.3 or 1.3% was heated to 
1,250°C and soaked. Then, the sheet bar was subjected to 
three-pass rolling into a thickness of 4.0 mm so that the 
finish rolling end temperature was 900°C. After the finish 
rolling, a temperature holding equivalent treatment of 600°C 
for 1 h was applied as a coiling treatment . Thereafter, the 
hot-rolled sheet was cold-rolled at a reduction of 70% into 
a cold-rolled steel sheet having a thickness of 1.2 mm. 
Then, the cold-rolled sheet was heated and soaked at 900°C, 
and cooled at a cooling rate of 30°C/sec. (a primary heat 
treatment) . The steel sheet after the primary heat 
treatment had a lath martensite structure. The steel sheet 
after the primary heat treatment was subjected to a 
secondary heat treatment at various temperatures, then 
rapidly cooled to a temperature in the range of 450 to 500°C 
Then, the sheet was immersed into a hot-dip galvanizing bath 
(0.13 wt.% Al-Zn bath) to form a hot-dip galvanizing layer 

■ , * 

~on~ t h~e" surface; Fu r t he r7 "the- - sheet was r eheated t o~ ~a~ 
temperature in the range of 4 50 to 550°C to alloy the hot- 
dip galvanizing layer (Fe content in the galvanizing layer: 
about 10%) . 

For the resultant hot-dip galvanized steel sheet, 
tensile properties were determined through a tensile test.. 
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In addition, test pieces were sampled from the hot-dip 
galvanized steel sheet', and a pre-def ormat ion treatment with 
a tensile pre'strain of 5% was applied to the test pieces, as 
in the hot-rolled steel sheet and the cold-rolled steel 
sheet/ Then, a : heat treatment of 50 to ' 350°C f or 20 minutes 
was applied. Thereafter, a te'nsile test was carried out to 
determine tensile properties. The strain age hardenability 
was evaluated in terms : 6f"the Incfement ATS of the tensile"- 
strength from before to after the heat "treatment. : 

'°* gV "ff : 1 lid s t 'rVtVs^th e ' %'f £ e c t " o f J t hi u 3 "6 on tent' : b h • "thV 
relationship between V ATS and the" Vecbhd'ary*' heat treatment c . 
temperature. The increment ATS" was determined by ' applying a 
tensile pre strain o J f '5% to test pieces sampled from the' 

■ 

resultant hot-dip galvanized steel 'sheets, conducting a heat 
treatment 7 at 250 o C "f or 2Cr' minutes, and carrying out a 
tensile test. r ' : - .r . ■ > . ^ . 

' Figv-5 suggests that, for a Cu cohtent of 1.3 wt/%, a ~ 
high strain age hardenability as represented by a ATS of not 
less than 80 MPa can be obtained by forming a composite 
f errite/tempered martensite/retained austenite steel sheet 
structure. In contrast, in the case of a Cu'cohtent of 0.3 
wt.%, high strain age hardenability cannot be obtained as 
because' ATS is less than 80 MPa at any secondary heat 
treatment temperaturie . 

Fig. 5 suggests the possibility of manufacturing a hot- 
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dip galvanized steel sheet having high strain age 
hardenability by optimizing the Cu content and by forming a 
composite ferrite/ tempered martensite/retained austenite 
structure. 

Fig. 6 illustrates the effect of the Cu content on the 
relationship between ATS and the heat treatment temperature 
after pre-strain treatment- The increment ATS was 
determined by applying a tensile prestrain of 5% to test 
pieces sampled from the alloyed hot-dip galvanized steel 
sheets treated at a secondary heat treatment temperature of 
800°C, cpnducting a heat treatment of 50 to 350 °C for 20 

- 

minutes, and carrying out a tensile test. 

Fig. 6 shows that the increment ATS increases as the 
heat treatment temperature increases after the pre- 
deformation treatment and strongly depends on the Cu content 
With a Cu content of 1.3 wt.%, a high strain age 
hardenability as represented by a. ATS of not less than 80 
MPa can be obtained at a heat treatment temperature of not 
less than 150°C. In contrast, for a Cu content of 0.3 wt.%, 
AT S ~i s~ le s s~ t h a n~8 0 MPa~at~any— heat" treatment" temp'eratrure, 

and high strain age hardenability cannot be obtained. 

• ■ • 

In the hot-dip galvanized steel sheet of the present 

* * 

invention, very f ine Cii precipitates in the steel sheet as a 
result of a pre-def ormat ion with a strain larger than 2% 
which is a usual, amount of strain on measuring the 
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• * * 

deformation stress increment from before to after a heat 
treatment, and a heat- treatment within a relatively low 
temperature region of* 150 to 350°C, According to a study 
carried out - by the - present inventors/ high- strain age - 
hardenability bringing about' an increase in yield stress and 
a remarkable increase in tensile strength is probably 
achieved by the precipitation of very fine Cu. A reason for 

, precipitation of very fihe-Cu in a heat 'treatment in a low 
temperature' region has 'not as yet beeh clarified to 'date . 
However/- it - is- •presumable- as f 61 lows*; v: - "'During 'heat treatment: 
in the^dual -phase 7 region 'of f errate (a) + austeriite" (yfl" a 
large "amount of Cu 'is distributed 1 to the y phase/ and the 
distributed Cu remaining even after- cooling is dissolved 
into the' retained* austehitfe in a supersaturatiorv state; The 
retained austeriite is -transformed' into marterisite- by" a 

prestrain of 'hot less' than" 5%V. and very' fine Cu precipitates 
in the martensite through a" subsequent " low-temperatiir^ heeit 

treatment. -. : 

In addition, hole expanding test was performed using 
hot^dip galvanized steel sheets having a composite structure 
of ferrite/tempered martensite/retained austenite and Cu 
contents of 0.3 wt% and 1 - 3 wt .% to determine the hole 
expanding ratio (X) V as in "the hot-rolled steel sheet and 
the cold-rolled steel sheet. 

The* hole expanding' ratio X of the steel sheet having a 



f 
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Cu content of 1.3% was 120%, while the hole expanding ratio 
X of the steel sheet having a Cu content of 0.3% was 50%. 
The results suggest that for a Cu content of 1.3 wt%, the 
hole expanding ratio is increased and hole, expanding 
formability is improved, as compared with, a Cu content of 
0.3%. 

A detailed mechanism of improvement in hole expanding 
formability with content of Cu has not yet been clarified, 
as in the hot-rolled steel sheet and the cold-rolled. steel 
sheet, but it is considered that the contained Cu reduces 

T, 

the difference in hardness among the ferrite, the tempered 
martensite/retained austenite, and the martensite formed by 
strain induced transformation. 

On the basis of the novel findings as described above, 
the present inventors carried out further extensive studies 
and found that the above-mentioned phenomena occurred in 
steel sheets not containing Cu as well. 

The structure of a steel sheet having a composition 
containing at least one of Mo, Cr, and W was converted to a 
composite structure containing a ferrite primary phase and 
phase containing retained austenite as a secondary phase. 
Thereafter, by applying a prestrain and a heat treatment in 
a low temperature region, it was found. that very fine 
carbides precipitated in the strain-induced transformed 
martensite, resulting in. an increase in tensile strength. 



Best Available Copy 02387322 2002-05-24 



- 24 - 

The strain-induced fine precipitation at a low temperature 
was more remarkable in a steel composition containing at 
least v one of Nb, Ti, and V* in addition to at least one of Mo 
Cr, and W, 

The* present invention was completed through further 
studies on the basis of the aforementioned findings',' The 
gist of the present ^invention is as follows: 

(1) A high-ductility steel sheet excellent in press 
fbfmability arid in strain age hardenability as represented" 
by n a' ; ATS?d£ 'rip^less : 1 th^h " 6 0 MPa v / "cbinprising a ' cdmpdsi te f* 
structure containing a primary phase containing a ferrite 
phase ' and^a 1 secondary phase containing "a fe^TaineiJ austenite 
phase' in a volume ratio' of not less' than 1%. 

(2) A high-ductility steer" sheet According' to aispect (1), 

wherein the steel sheet ""is "a hot-rolled steel sheet, 'and the 

-~\, ^ ■ 

primary phase cohsistih'g essentially of a ferrite phase, 

(3) A 1 h igh-ducti I i t y steel "sheet accdirding to aspect "(2), ' 
wherein the hot-rolled steel sheet has a composition 
comprising, in weight percent, C: 0.05 : to '6*. 20%, Si: 1.0 to 
3.0%, Mri: not more than 3.0%, P: not more than 0.10%, S: not 
more than 0.02%, Al : not more than 0.30%, N: not more than 
0.02%, and Cu: 0. 5 : to 3.0%, and the balance Fe and 
incidental impurities'. * 

(4) A high-ductility steel sheet according to aspect (3), 
the 'composition further comprising, in weight percent, at 
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least one of the following Groups A to C: 
Group A: Ni:. not more than 2.0%; 

Group B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

Group C: at least one of Nb,. Ti, and V: npt more than 
0.2% in total. 

(5) A high-ductility steel sheet according to aspect (2), 
wherein the hot-rolled steel sheet has a composition 
comprising, in weight percent, C: 0.05 to 0.20%, Si: 1.0 to 
3.0%, Mn: not more than 3.0%, P: not more than 0.10%, S: not 
more than 0.02%, Al : not more than 0.30%, N: not more than 
0.02%, at least one of Mo: 0.05 to 2.0%, Cr: 0.05 to 2.0% 
and W: 0.05 to 2.0%, not more than 2.0% in total, and the 
balance Fe and incidental impurities. 

(6) A high-ductility steel sheet according to aspect (5), 
the composition further containing, in weight percent, at 
least one of Nb, Ti, and V in an amount of not more than 
2.0% in total . 

(7) A method for manufacturing a high-ductility, hot-rolled 
steer~sheet" excellent Tri press formability and in strain age 
hardenability as represented by a ATS of not less than 80. 
MPa, comprising the steps of.; hot-rolling a steel slab 
having a composition comprising, in weight percent, C: not 
more than 0.20%, Si: 1.0 to 3.0%, Mn: not more than 3.0%, P: 
not more than 0.10%, S: not mpre, than .0.02%, Al:„ not more . 
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than 0.30%, N: not more than 0/02%, and Cu : 0.5 to 3.0%/ 

into a hot-rolled steel sheet having a prescribed thickness, 

..<*..*.'. ■ 
the hot rolling step including finish-rolling at a finish 

■ • 

rolling end temperature of 780 to 980°C; cooling the finish- 
rolled steel 'sheet to a temperature in the "range of 620 to 
780°C within 2 seconds at a cooling rate of at least'' 
50°C/second; holding the sheet at the temperature in the ' 
range : of '620 to '780°C for 1 to 10 seconds, or slowly cooling 
the sheet at a cooling rate of hot more than 20°C/secbnd; ' 
cobling the sheet 'at "a" C doling rate of "not" less than * " : ■ 
50°C/second to a temperature df 300 to' 500°C; iihd coiling the 
sheets '* ■■' " " •'■ " : ~* ' ' '* ■"■ 

(8) A metfiod for manufacturing' a high-ductility hot-rolled ' 
steel sheet excellent^ 'in press formabilit'y and' in strain "age 
hardenability as represented by a ATS of at least 80 MPa/' 
according' to aspect" ~(7 ), the composition further comprising, 
in weight percent', at least" one of the following Groups A to 

r 

- - -r — r - - - . • . . < 

Q • 1 " 

Group A: Ni : not more than 2.0%; 

Group' B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

Group C: at least one of Nb; Tl, and V: not more than 
0.2% in total. 

(9) A method for manufacturing a high-ductility hot-rolled 
steel sheet according to aspect (7), wherein the steel slab 

1 
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is replaced with a steel slab having a composition 
containing, in weight percent, C: 0.05 to 0.20%, Si: 1.0 to 
3,0%, Mn: not more than 3.0%, P: not more than 0.10%, S: not 
more than 0.02%, Al : not more than 0.30%, N: not more than 
0.02%, and at least one of Mo: 0.05 to 2.0%, Cr: 0.05 to 
2.0% and W: 0.05 to 2.0% in a total amount of not more than 
2.0%. 

(10) A method for manufacturing a. high-ductility hot-rolled 
steel sheet according to aspect (9), the composition further 
containing, in weight percent, at least one of Nb, Ti, and V 
in a total amount of not more than 2.0%. 

(11) A method for manufacturing a high-ductility hot-rolled 
steel sheet according to any one of aspects (7) to (10), 
wherein all or part of the finish rolling is lubrication 
rolling. 

(12) A high-ductility steel sheet according to aspect (1), 
wherein the steel, sheet is a cold-rolled steel sheet, and 
the primary phase containing the ferrite phase is a ferrite 
phase. 

(13 ) ~ A* high-ductility steel" sheet ~accordi~ng~to~a~sp<e~ct — (12)7 
wherein the cold-rolled steel sheet has a composition 

comprising, in weight percent, C: not more than 0.20%, Si: 

i - * 

not more than 2.0%, Mn : not more than 3.0%, P: not more than 
0.1%, S: not more than 0.02%, Al:. not more than 0.3%, N : not 
more than 0.02%, Cu: 0.5 to 3.0%, and . the, balance Fe and 
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incidental impurities. 

(14) A high-ductility steel sheet according to aspect (13), 
the composition further comprising; in weight percent, at 

m 

r - » , ' ' ...... ... . . ' ' * \ 

least one of the followinig Groups A' to C:* 
Group A: Ni: not more than 2.0%; 

Group B:' at 'least one' of " Cr ~and* Mo: ' hot more than '2! 0% 
in total; and 

Group C: at least one of Nb,Ti, and V:~ not more than' 

0 . 2% in total . 

... « - * . , . 

( 15 ) A ; hi" 9 h - riu c't i'l i t y*'' ' s't e el sheet according : to' aspect (12)' , " 

wherein:? tfie^coid-rolled "steel sheet"*' K^s"^ composition""" 1 :> ' 
comprising, in weight' percent : C: not more than 0.20%, Si: 
not more' than 2.01',' Mn: not more than 3~ 0% , : P: not 'more' than 
0.1%, S: not more'thah 0.02%, Al : ' not moire than 0.3%, Nr'not 
more " than" 6? 02%, r at leasV'' one selected f ronf the : ^roup ; " " ' . 
consisting ' of Mo:' 0.05* Vo 2.0i>''Cr": X) . 05^" to r 2 . 6% Vf and W: 0.05 
to 2.0%, not more than 2.0% in total, and the balance Fe~ and 
incidental impurities . 

(16) A high-ductility steel sheet according' to aspect (15), 
the composition further comprising, in weight percent, at 
least one of Nb, Ti, and V, in a total amount of not more 
than 2.0%. 

(17) A method for manufacturing "a high-ductility cold-rolled 
steel sheet excellent in press formability and in strain age 
hardenability as represented by a ATS of "hot less than 80 
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MPa, comprising: a hot rolling step of hot-rolling a steel 
slab having a composition containing, in weight percent, C: 
not more than 0.20%, Si: not more than 2.0%, Mn: not more 
than 3.0%, P: not more than 0.1%, S: not more than 0.02%, 
Al: not more than 0.3%, N: not more than 0.02%, and Cu: 0.5 
to 3.0% as a material to form a hot-rolled steel sheet; a 
cold rolling step of cold-rolling the hot-rolled steel sheet 
into a cold-rolled steel sheet; and a recrystallization 
annealing step of applying recrystallization annealing to 
the cold-rolled steel sheet into a cold-rolled annealed 
steel sheet, the recrystallization annealing step including 
a heat treatment of heating and soaking the steel sheet in a 
f errite/austenite dual phase region within a temperature 
range of the A cl transformation point to the A^ 
transformation point, cooling the sheet, and holding the 
sheet in the temperature region of 300 to 500°C for 30. to 
1,200 seconds. 

(18) A method for manufacturing a high-ductility cold-rolled 
steel sheet according to aspect (17), the composition 
further—containing, in- weight percent^ at least one- selected 
from the following ^ Groups A to C: 

Group A: Ni: not more than 2.0%; 

Group B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

• 1 * • . .- 

Group C: at least one of Nb, Ti, and V: not more than 
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0.2% in total. \ 

(19) A method for manufacturing a high-ductility' cold-rolled 
steel sheet According' to aspect " (17) , wherein the steel slab 
is replaced with a steel slab having a composition 
containing, in weight" percent,' C: not more than 0.20%, Si: 
' not more than*2i0%, Mn: not more ' than' 3.0% , P: hot more than 
0.10%, S: riot more than 0.. 02%, Al: not more' than 0.3%, N: 
not morVtfen 6 ; . 02%, antf at least 'one selected from "' the J : : 
group consisting of Mo: 0.05 to 2.0%, Cr: 0.05 to 2.0% and 
W:' 0.05* t'or f 2.*0% iVi ' a- total^ amount ^Sf "not 1 more? tivah' 1 2 V0% ^ : ' 
"('20)" A L : metTio^ 'of 4 ' mariU* abt&r i n£ a high^ductility coid-£olleoV 
steel' stiWet ; according to ^ipe£t r "U^ 

further' containing,^ in :/ Weight percent^ at least one of Nb;' 
Ti> ' and V : ' in" a'iota i : amount-" of ' not mbre " than : 2^6% 

(21) A method for manufacturing' a high-ductility cold-roiled 
steel sfieet accordirig c to^ari^ one'of "aspects" "(i"7 ) to (20) ', 
wherein- the hot-rolling step includes heating the "steel slab 
at a 'temperature of not * less ; thaft *90'0°C, rolling ^tfie' slab at 
a finish rolling end temperature of not lesi than 700°C, and 
coiling the hot-rolled steel sheet at a coiling temperature 
of not more A than 800°C. ! 

(22) A method for manufacturing a cold-rolled steel sheet 

according to any "one of Aspects (if ) to (21) , wherein all or 

<_... .. , ■ , ... ■». . _ 

part of the hot rolling is lubrication rolling. 

(23) A high-ductility hot-dip galvanized steel sheet 
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comprising a hot-dip galvanizing layer or an alloyed hot-dip 
galvanizing layer formed on the surface of the high- 
ductility steel sheet according to any one of aspects (1) to 

» 

(6). 

(24) A high-ductility hot-dip galvanized steel sheet 

y comprising a hot-dip galvanizing layer or an alloyed hot-dip 

galvanizing layer formed on the surface of the highr- 
ductility steel sheet according to any one of aspects (12) 

V 

to (16) . 

(25) A high-ductility steel sheet according to aspect (1), 
wherein the steel sheet is a hot-dip galvanized steel sheet 

■ * 

having a hot-dip galvanizing layer or an alloyed hot-dip 
galvanizing layer formed on a surface of the steel sheet, 
and the primary phase containing a ferrite phase comprises a 
ferrite phase and a tempered martensite phase. 

(26) A high-ductility steel sheet according to aspect (25) , 
wherein the steel sheet has a composition comprising, in 

■ 

weight percent, C: not more than 0.20%, Si: not more than 
2.0%, Mn: not more than 3.0%, P: not more than 0.1%, S: not 
mor^ than" 0702%7 * AIT 7fot~more than 0". 3% ,"N1 not" more than" ~ ~ 
0.02%, Cu: 0.5 to 3.0%, and the balance Fe and incidental 
impurities. 

(27) A high-ductility steel sheet according to aspect (26) , 
the composition further containing, in weight percent, at 
least one of the following Groups A to . C : 



1 
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Group A: Ni: not more than 2.0%; 

Group B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

i .... . - - - •* 

Group C: at least one of Nb; Ti, and V: not moire than 
0.2% in total. ' ■ - - . : - : 

(28) A high-ductility steel sheet according to aspect (25) 

» ■ * 

wherein the steel sheet has a composition comprising, in 
weight percent, C; not more' than 0120%", Si: not more than 
2 : 0%/ Mn: hot more than' 3 ': 0%, P: not more than 0" i%V Si not 
more than 0 :02%y r Kl : ' not : -mb're ' 'than* ' 0'*. 3%Y ' fa" nbt r 'morev thaii . J - • 
0'"02% f ~at least^b'ne' selected from the group 4 consist ing : . 6f ' 
Mo: 0.05 to 2.0%, Cr: 0.05 to 2.0% and W 1 : 6 . 05 to* j 2. oV in a 
total amount of not more than 2.6%'; and the balance Fe" and 

^ ■ 4 * .- - * . - •• * 

incidental impurities. " " 

(29) A high-ductility steel sheet according to 'aspect (28 > V 
the composition further 1 containing, in weight percent, at 
least one of Nb, Ti, and V in -a total amount of riot more : 
than 2.0%. ' ' ' ' ^ ' ' 

(30) A method for manufacturing of a high-ductility hot-dip 
galvanized steel sheet excellent in press formability and in 
strain age hardenability as represented by a ATS of not less 
than 80 MPa,' comprising: a primary heat-treating step : of 
heating a steel sheet to : a temperature of not less than v the 
A cl transformation point and rapidly cooling the steel sheet, 
the steel. sheet having a composition containing, in weight 
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percent, C: not more than 0.20%, Si: not more than 2.0%, Mn: 
not more than 3.0%, P: not more than 0.1%, S: not more than 
0.02%, Al: not more than 0.3%, N : not more than 0.02%, and 
Cu: 0.5 to 3.0%; a secondary heat-treating step of heating 
the steel sheet to a temperature in the range of the A cl 
transformation point to the A c3 transformation point; and a 
hot-dip galvanizing step of forming a hot-dip galvanizing 
layer on the surface of the steel sheet. 

(31) A method for manufacturing a high-ductility cold-rolled 
steel sheet according to aspect (30) , the composition 
further containing, in weight percent, at least one of the 
following Groups A to C: 

Group A: Ni: not more than 2.0%; 

Group B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

Group C: at least one of Nb, Ti, and V: not more than 
0 . 2% in total . . , 

(32) A method for manufacturing a high-ductility hot-dip 

galvanized steel according to aspect (30), wherein the steel 

« ■ ■ 

sheet" is~ rep 1 ace cf wit fT~a " steel sheet Ray" 1 hg~ ~eT composition 
comprising, in weight percent, C: not more than 0.20%, Si:, 
not more than 2.0%, Mn: not more than 3.0%, P: not more than 

* - * 

0.1%, S: not more than 0.02%, Al: not more than 0.3%, N: not 
more than 0.02%, and at least one selected from the qroup 
consisting of Mo: 0.05 to 2.0%, Cr: 0 .05 . to. 2 . 0%, and W:, 0.05 



! 
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to 2.0% in a total amount of not more than 2.0%. 

(33) A method for manufacturing a high-ductility hot-dip 
galvanized steel sheet according to aspect (32), the 
composition further containing^ in weight percent, at least 
one of Nb, Ti, and V in a total amount of not more than 2.0% 

(34) A method for manufacturing a high-ductility hot-dip 
galvanized" steel sheet according to any . one of aspects (30) 
to (33)/ further comprising' a pickling treatment step of 
pickling the steel sheet between the primary heat-treating 

. -■• • \ ■ • * • » * j ■•» »-•.•.. r - • • » ♦ *■ -i f fi 1 , , ■ ' 1 , -. , "* 

step and the secondary heat-treating step. 

(35) A miefcfibd f or manuf acturing *^a "high-ductility hot-dip ' " 
galvanized steel sheet "according to any one of aspects (30) 
to (34) , further comprising" an alloying step of alloying tfie 
hot-dip ^galvanizing layer, subsequent to the hot-dip 

vanizmg step. 

(36) A method 1 for J manuf acturing a' high-strength Hot-dip' 
galvanized steei sheet according to any one of aspects' ( 30| * 
to (35), wherein the steel sheet is a hot rolled steel sheet 
manufactured by hot-rolling a material under conditions 
including a heating temperature of not less than 900°C, a 
finish rolling end temperature of not less than 700°C and. a 
coiling temperature of not more than 800°C r or a cold-rolled 
steel sheet obtained by cold-rolling the hot-rolled steel 
sheet. 

i 

(37) A method for manuf acturing a high-strength hot-dip 
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galvanized steel sheet according to aspect (36) , wherein th 
cold-rolling is performed at a reduction ratio of not less 
than 40% . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph illustrating the effect of the Cu 
content on the relationship between ATS and the steel sheet 
structure after a pre-def ormat ion and a heat treatment of a 
hot-rolled steel sheet; 

Fig. 2 is a graph illustrating the effect of the Cu 
content on the relationship between ATS and the heat 
treatment temperature after a pre-def ormation and a heat 
treatment of a hot-rolled steel sheet; 

* 

Fig. 3 is a graph illustrating the effect of the Cu 
content on the relationship between ATS and the 
recrystallization annealing temperature after pre- 
def ormation and a heat treatment of a cold-rolled steel 
sheet; 

t * 

Fig. 4 is a graph illustrating the effect of the Cu 

* • ■ *■■-... .... 1 

content on the relationship" between ATS " ancT t fie heat" 
treatment temperature after pre-def ormation and a heat 
treatment of a cold-rolled steel sheet ; 

Fig. 5 is a graph illustrating the effect of the Cu 
content on the relationship between ATS and the secondary - 
heat treatment temperature after a pre-def ormation and a 
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... ...... -.. . t : 

heat treatment of a hot-dip galvanized steel sheet; and 

... m 

■ % ' f - - r * , « 

Fig. 6 is a .graph illustrating the effect of the Cu 

content on the relationship between ATS and the heat 

r- 

■ » # 

treatment temperature after a pre-def ormation and a heat 
treatment of a hot-dip galvanized steel sheet. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A* high-ductility steel sheet of the present invention 
has a tensile strength TS of not less than 440 MPa/ a 
composite' stfuc%urV % c6mprising' a; primary' phase "containing a 
ferrite - phrase arid a secondary ' phase containing a retained 
austenite phase with a' volume' ratio of not less than ik, 
excellent ^ress^'formabiiity, and excellent strain' age 
■hardenability, which is indicated by a remarkably increased 
tensile strength ATS "of* hot less than 80 MPa during a heat 
treatment at' a' relatively * low temperature after press 
forming, "the term "primary phase" used in the present 
invention shall be a structure occupying not less than 50% 
by a volume ratio. 

The term "high-ductility steel sheet" used in the 
present invention shail mean that a steel sheet has a 
balance (TS x El) of a tensile strength (TS) and an 
elongation (El) of not less than 19,000 MPa%. 

In addition, the term "ATS" used in the present 
invention means an increment in tensile strength between 
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before and after the heat treatment at a temperature in the 
range of 150 to 350°C for a holding time of not less than 30 
seconds of a steel sheet which was subjected to a pre- 
deformation treatment of a tensile plastic strain of not 
less than 5%. That is, ATS = (tensile strength after heat 
treatment) - (tensile strength before pre-def ormat ion 
treatment) . The steel sheets of the present invention shall 
include hot-rolled steel sheets, cold-rolled steel sheets 

» » i 

and hot-dip galvanized steel sheets. 

All the steel sheets (hot-rolled steel sheets, cold- 
rolled steel sheets and hot-dip galvanized steel sheets) 
having the above-mentioned structure have high-ductility, 
excellent press formability, and excellent strain age 
hardenability . 

The term "superior^ strain age hardenability" or the 
term "excellent strain age hardenability" used in the 
present invention shall mean that, when a steel sheet is 
subjected to a pre-def ormation treatment of. a tensile 
plastic strain of not less than 5%, and then, to a heat 

* * 

trr^a"tmenir~at ~a~ temperature in~~the range ~of ~~r50~to~350°C for ~ 
a holding time of not less than 30 seconds, the increment 
ATS in tensile strength between before and after the heat 
treatment is not less than 80 MPa, wherein ATS = (tensile 
strength TS HT after heat treatment) - (tensile strength TS 

before pre-def ormation treatment). Preferably, the 
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increment ATS is not less than 100 MPa." The heat treatment 
causes an increase AYS in' yieid stress of not less than 80 
MP'a~, wherein AYS = (yield stress YS HT after heat treatment) - 
(yield stress YS before pre-Bef ormation treatrrusnt) . 

• In the control* of the strain* age harderiability, the 
amount of prestrain (pre-defbrmatioh) plays an important 

• * - * * 

role. The present inventors investigated the effect of the 



amount'* of prestrain on the subsequent strain age 
hardenability ' by assuming possible' deformation types applied 



to automotive steel sheets'. The results show that : the 



uniaxial 1 equivalent "strain (tensile strain)' is generally.' 
useful for elucidating the deformation of the steel sheets 5 



except for very deep drawing; that the uniaxial equivalent 
strain is mostly more than 5% for actual parts/ arid that the 
strength of the parts exhibit" good correspondence to the 
strength obtained ~after a strain aging treatment ~of a 
prestrain : o'f ~ 5% 1 L Based on these findings, a tensile plastic 
strain of riot less than 5% is employed in the present 
invention. 

Conventional bake treatment conditions include 170°C x 
20 minutes as a standard. If precipitation strengthening by 
very fine Cu or fine carbide is performed as in the' present 
invention, the heat treatment temperature must be 150°C or 
more. Under conditions including a temperature exceeding 
350°C/ on the other hand, the strengthening effect is 
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saturated, and the steel sheet tends to soften. Heating to 
a temperature exceeding 350°C causes marked occurrence of 
thermal strain or temper color. For these reasons, a heat 
treatment temperature in the range of 150 to 350°C is 
adopted for strain age hardening in the present invention. 
The holding time of the heat treatment temperature should be 
at least 30 seconds. Holding a heat treatment temperature 
in the range of 150 to 350°C for about 30 seconds permits 
achievement of substantially satisfactory strain age 
hardening. For further enhanced strain age hardening, the 
holding time is preferably at least 60 seconds, and more 
preferably at least 300 seconds. 

The heat treatment method after the pre-def ormation is 
not limited in the present invention, and atmospheric 
heating in a furnace in general bake treatment, induction 
heating, non-oxidizing flame heating, laser heating, and 
plasma heating are suitably applicable. So-called hot 
pressing for pressing a heated steel sheet is also very 
effective means in the present invention. 

— Next , — the- hot -r o 1 led- s tee 1- shee t-,-- t he - cold- ro 1-1 ed— steel- 
sheet, and the hot-dip galvanized steel sheet in the present 
invention will be described individually. 

(1) Hot-rolled steel sheet 

- . ■ • . 

The hot-rolled steel sheet of the present invention. .. . 
will now be described. 
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The hot-rolled steel sheet of the present invention has 
a composite structure comprising a ferrite primary phase and 
a secondary phase containing a retained austenite phase 
having a volume ratio of not less than 1% of the entire 
structure;' As described above, a holt-rolled steel sheet 
having' such* a composite structure exhibits high' ductility, 
high strength-ductility balance (TS x El),' arid excellent 
press formability. 

Ferrite- primary 'phase is' preferably present in a volume 
ratio: of : not 'less ' £hah 50V. " WithPa? feYrite' phai^'o* v'lesS^' 
than • : 5"0~%V' it^'i's difficult''' to keep' high diicVfl-xtV/'-'res^lWing 
in lower press' forntability. When further enhanced ductility 
is required,' the volume ratio of ' the ' ferrite' phase "is 
preferabfy not less than '80%*. ' For the 'purpose of making*' 
full use -of : advantages of' the composite" structure, the 
ferrite' phase is preferably' hot more than* 98%. ' 

In the present invention, steel must contain retained 
austenite' phase as the secondary phase* in' a volume ratio of 

....... - . - -x . - > ' : > f . • ■ 

not less 1 than 1%'of the entire structure. With a retained 
austenite phase of less than 1%, high elongation (El) cannot 
be obtained. " To obtain higher elongation (El) / the retained 
austenite phase content is preferably not less than 2% and 
more preferably not less than 3%. 

The secondary phase may be' a single retained austenite 
phase having a volume ratio of not 1 less' than 1%, or may be a 
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mixture of a retained austenite phase of a volume ratio of 
not less than 1% and another phase, i.e., a pearlite phase, 
a bainite phase, and/or a martensite phase. 

* 

The reasons for limiting the composition of the hot- 
rolled steel sheet of the present invention will now be 
described. The weight percent in the composition will 
hereafter be denoted simply as %. 

C: 0.05 to 0.20% 

C is an element, which improves strength of a steel 
sheet and promotes the formation of a composite structure of 
ferrite and retained austenite, and is preferably contained 
in an amount of not less than 0.05% for forming the 
composite structure according to the present invention. A C 
content exceeding 0.20% causes an increase in proportions of 
carbides in steel, resulting in a decrease in ductility, and 
hence a decrease in press formability. A more serious 
problem is that a C content exceeding 0.20% leads to 
significant deterioration of spot weldability and. arc 
weldability. For these reasons, the C content is limited 
with±n~th~e~~~ raTige of "0~. 05" t d~ 07 20 % — i7T~t: hfe "present" "invention". 
From the viewpoint of formability, the C content is 
preferably not more than 0.18%. 

Si: 1.0 to 3.0% 

Si is a useful strengthening element, which improves 
the strength of a steel sheet without a marked decrease in 



1 
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ductility of the steel sheet. In addition, Si is necessary 
for forming a retained austenite phase. To obtain these 
effects, Si is ! preferably contained in an amount of ' not less 

■ 

1 " * * 

than 1.0% and more preferably not less than 1.2%. An Si 
content exceeding 3.0% leids to deterioration of press 
formabiTity" and degrades the surface quality. The Si 
content -is therefore limited within the range of 1.0 to 3.0% 

Mri: not more -than '3. 0%" * r ' :.. 

Mri-is a -useful Element ; ' which strengthens* steel' and ; 
prevents- hot cracking -causecl by S, -and- iV : theYef ore * : - 
contained in an amount according 7 to the ; content • These 1 
effects are particularly remarkable at an* Mrr content of not 

1 

less than 0. 5%. ' Oh' the "other hand, an Mn content" Exceeding 
3 . 0% : results"' in^ deterioration of* press "f ormabi^ity' arid : " ' 
•weldabili'tyV 1 The 1 - Mn : ' contend is trieref ore iimited r to not ' ; 
more than 3-; 0% in the present '■■ invent ion '! • Moire preferably, 
the Mn content is not less than 1\ 0% . 
P: not more than 0.10% 

P strengthens steel, and may be contained in an amount 
necessary for a desired strength. From the viewpoint of 
increasing the strength, P is preferably contained in an 
amount of not less than' 0.005%. On the other hand, a P 
content exceeding 0.10% results in deterioration of press 
formability. The P "content is therefore limited to not more 
than 0.10%. When superior press formability is required, 
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the P content is preferably not more than 0.08%. 
S: not more than 0.02% 

S is an element, which is present as inclusions in a 
steel sheet and causes deterioration of ductility, 
formability, and particularly stretch flanging formability 
of the steel sheet, and it should be the lowest possible. A 
reduced S content of not more than 0.02% does not exert much 
adverse effect and therefore, the S content is limited to up 
to 0.02% in the present invention. When more excellent 
stretch flanging formability is required, the S content is 
preferably not more than 0.010%. 

Al : not more than 0.30% 

Al is a useful element, which is added as a deoxidizing 
element to steel, and improves cleanliness of steel. In 
addition, Al facilitates the formation of the retained 
austenite. These effects are particularly remarkable at an 
Al content of not less than 0.01%. The Al content exceeding 
0.30% cannot give further effects, but causes deterioration 
of press formability. The Al content is therefore limited 
to not more than 0.30%. Preferably, the Al content is not 
more than 0.10%. The present invention, does not exclude a 
steelmaking process based on deoxidation using a deoxidizer 
other than Al. For example, Ti deoxidation or Si 
deoxidation may be employed, and steel sheets produced by 
such deoxidation methods are also included in the scope of 



Best Available Capyo2387322 2002-05-24 



- 44 - 

the present invention. In this case, addition of Ca or REM 
to molten steel does* not impair the features' of the steel 
sheet of the present ' invention at all. 
N: not less than 0.02% 

t 

N' is an element, which increases the strength of a ' 
steel sheet through solid solution strengthening of strain 
age hardening, and is preferably contained in an amount of 
not" less" than 0*0010% to obtain these effects'. However,' an 
N content exceeding". 0 . 02% " causes ah increase" in tHe content 
of nitrides in the steel sheet, which: causes serious " 
deterioration of "ductility ,' arid thus, of "press formability 
of the steel sheet. The N content is therefore ' limited to 
not more than " 0 . 02% . 'When f urther "improvement * in press" 
formability is required, the N content is preferably not" 
more than 0.01%, and more preferably, less' than 010050'% I 
Cu: 0 . 5 "t<$ 31 0% " : ' ' " ' 11 ' : " 

Cu 'is'ari element', which remarkably increases strain age 

hardening of a steel sheet (increase in strength after pre- 

. . «. ....«,. - - • . - * » - *■ 

deformation/heat treatment), and thus is most important ' in 

the present invention. With a Cu content of less than 0.5%, 

* * 
an increment ATS in tensile strength exceeding 80 MPa cannot 

be obtained by changing the pre-determinat ion/heat treatment 

conditions. With a Cu content exceeding 3.0%, the effect is 

saturated so that ah" effect corresponding to the content 

cannot be expected, leading to unfavorable economic effects. 
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Furthermore, deterioration of press formability occurs, and 
the surface quality of the steel sheet is degraded. The Cu 
content is therefore limited within a range of 0.5 to 3.0%. 
In order to simultaneously achieve a higher ATS and 
excellent press formability, the Cu content is preferably 
within a range of 1.0 to 2.5%. 

The hot-rolled steel sheet of the present invention 
containing Cu preferably further contains, in weight percent 
at least one of the following Groups A to C: 

Group A: Ni : not more than 2.0%; 

Group B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

Group C: at least one of Nb, Ti, and V: not more than 
0.2% in total. 

Group A: Ni : not more than 2.0% 

Group A: Ni is effective for preventing the formation 
of surface defects on the steel sheet surface containing Cu, 
and may be added as required. The Ni content is preferably 
about a- half the Cu content, i.e., in the range of about 30 
to about" 80%" "of "the C u~con t en t r ATT "NT "con tent e x c e e ding 
2.0% cannot give further enhancement in the effect because 
saturation of the effect, leading to economic disadvantages, 
and causes deterioration of press formability. For these 
reasons, the Ni content is preferably limited to not more 

* ■ * * ■ 

than 2.0%. 
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Group B: at least one of Cr and Mo: not more than 2.0% 
in total 

Group B: Both Cr and Mo, as well as Mri, strengthen the 
steel sheet and at least one thereof can be contained as 
required. This effect is particularly remarkable at a Cr 
content of not less than 0.1% and at an Mo content of not 
less than 0.1%. It is therefore preferable to contain at 
least one of Cr : not less than ' 0 - 1% "and" Mo : hot less than 
0.1%. If at least one of Cr and Mo are contained iri"a'total 
amount exceeding " 2 . 0% r press f br'maBility is * impaired ." It is 
therefore preferable to limit the total content of Cr and Mo 
to not more than 270%.' 

Group C: at least one of Nb, Ti, and V- not more than' 
.2% in total 

Group C:'Nb f Ti,and V are carbide-forming elements and 
effectively increase the" strength by fine dispersion " of 
carbides, arid can" be selected and contained as required. 
This effect can be achieved at an Nb content of not less 
than 0.01%, a Ti content of not less than 0.011, and a V 
content of not less than 0:01%. However, a total content of 
Nb, Ti, and V exceeding 0.2% causes deterioration' of press 
formability. Thus, the total content of Nb, Ti, and V is 
preferably limited* to' *noV more than 0.2%. 

In the present invention, in place of the 
aforementioned Cu or at least one of the above-mentioned 
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Groups A to C, at least one selected from the group 

* 

consisting of Mo: 0.05 to 2.0%, Cr: 0.05 to 2.0%, and W: 

0.05 to 2.0% may be contained in an amount of not more than 

» » 

2.0% in total, and at least one selected from the group 
consisting of Nb, Ti, and V may be further contained in an 
amount of not more than 2.0% in total. 

At least one selected from the group consisting of Mo: 
0.05 to 2.0%, Cr: 0.05 to 2.0% and W: 0.05 to 2.0%, in an 
amount of not more than 2.0% in total 

Mo, Cr, and W are elements, which remarkably increase 
strain age hardening (increase in strength after pre- 
deformation and heat treatment) of a steel sheet, and are 
one of the most important elements in the present invention. 
That is, in the present invention, a hot-rolled steel sheet 
having a composite structure containing ferrite as a primary 
phase and a secondary phase of retained austenite and 

containing at least one of Mo, Cr, and W, causes strain- 

• ■ ■ * *. 

induced transformation of the retained austenite into 
martensite when a prestrain of not less than 5% and a low- 
tempera ture~hrea t treatment are" applied "to the hot-rolled 
steel sheet, and strain-induced fine precipitation of fine 
carbides at a low temperature occurs in the strain-induced 
transformed martensite, resulting in an increase in tensile 
strength ATS of not less than 80 MPa. With a content of at 
least one of Mo, Cr, and W of less than 0 . 05% , changing the 
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steel sheet structure and pre-def ormat ion and heat treatment 
cbnditiohs does not cause an increase in tensile strength 
ATS of not less' than 80 MPa. On the other hand, a content 
of at least one of Mb, Cr, and W exceeding "2 . 0% does not 
give a corresponding effect because of saturation of the 
effect, leading to economic disadvantages, and causes 
deterioration*' of press formability-. The contents of Mo, Cr, 
and W are' each -preferably 'limited within " the range of 0 . 05 - 
to ; 2.0%. From the viewpoint of press formability,' the total 
content of r* Mo; Cr and/6'r= !W' ' is" r more preferably iimitted v to' ' 
not more than 2.0%. •.:.'..--».■ 

At -least one of Nb, Ti, and V, in* a tot¥l : amount of not 
more ' than 2 . 0% " - J * 

Nb, r Ti, arid V are carbide- f 6 rmi rig element s, and : can* tie 
added as ' required; Containing at least one of Nb ; , Ti, and V, 
in addition to at least one of Mo, Cr/^arid W, " and forming a 
composite structure' containing a'f eif f it e ,,T pr invar y" pha'se and a 
secondary phas'e'of retained austenite form tine carbides in 
the' strain-induced transformed marterisite and cause strain- 
induced precipitation at low temperature, resulting in an 
increase in tensile strength ATS of not less than 80 MPa. 
In order tooStarn these effects, an Nb content is 
preferably not- less than" 0 :0i%, a Ti ' content is preferably 
not less' than 0.01%, arid a V content is preferably not less 
than 0 . 01%, and at least one of Nb ; , ' Ti'; and" V can'be added 
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as required. However, a total content exceeding 2.0% causes 
deterioration of press formability. Thus, the total content 
of Nb, Ti f and V is preferably limited to not more than 2.0%. 

Apart from the above-mentioned elements, at least one 
of Ca: not less than 0.1% and REM: not less than 0.1% may be 
contained. Ca and REM are elements contributing to 
improvement in stretch flanging property through 
conformational control of inclusions. If the Ca content 
exceeds 0.1% or the REM content exceeds 0.1%, however, there 
would be a decrease in cleanliness, and a decrease in 
ductility. 

The balance of the composition of the steel sheet is Fe 
and incidental impurities. Allowable incidental impurities 
are Sb: not more than 0.01%, Sn: not more than 0.1%, Zn: not 
more than 0.01%, Co: not more than 0.1%, Zr: not more than 
0.1%, and B: not more than 0.1%. 

A method for manufacturing the hot-rolled steel sheet 
of the present invention will now be described. 

The hot-rolled steel sheet of the present invention is 
inad e~ by ~ ire t - r o ITi ng~a~~s t"e"el~~s 1 a b~ hra v in g~a ~c ompos i tioTTw i t h"tn~ 
the ranges described above into a prescribed thickness. 

While the steel slab used is preferably manufactured by 
a continuous casting process to prevent macro-segregation of 
the constituents, it may be manufactured by an ingot casting 
process or a thin-slab casting process. A conventional 
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.-. » * ■ ■ ■ • 

process employed in this embodiment includes the steps of 

manufacturing a steel slab, cooling the steel slab to room 

temperature, and reheating the slab. Alternatively, an 

energy-saving process also is applicable without problem in 

the present invention. For example, a hot steel slab is 

charged into a heating furnace without cooling to room 

temperature, or directly rolled immediately after short 

temperature holding (direct-hot-charge rolling or direct 

rolling) . 

The ' reheating" temperature' SRT J of the material' (steel" 
slab) is not limited arid is "preferably "not less ttiah ' 900°C. 

. *r.' •■ — ■ , • - ■* 

Slab' reheating' temperature: not less ' than 900°C 
The slab reheating temperature' (SRT) is' preferably the 
lowest possible with a view to prevent surface defects 
caused tjy Cu when the 'material contains 1 Cu However/ with a 
reheating temperature of less than 900°C f there is an 
increase in the' rolling load, thus increasing ' the risk of 

occurrence of a trouble during hot roiling. Considering the 

■ • • ■ ■ ■ ■ ■ ■* ■ ■ -■ ■ t * • 

increase in scale loss caused along with accelerated 

oxidation, the slab reheating temperature is preferably not 

more than 1 / 300°C. 

From the viewpoint of reducing the slab reheating 

temperature and preventing occurrence of troubles during hot 

f ' ~ 

rolling, use of a so-called sheet bar heater heating a sheet 
bar is of course an effective method. 
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The reheated steel slab is then hot-rolled into a hot- 

* 

rolled sheet. In the present invention, a finish rolling 
condition is particularly important, and the hot rolling is 
preferably performed at a finish rolling end temperature 
(FDT) in the range of 780 to 980°C. 

At the FDT of less than 780°C, a deformed structure 
remains in the steel sheet to cause deterioration of 
ductility. On the other hand, an FDT exceeding 980°C 
coarsens the structure, leading to a decrease in formability 
due to delay of ferrite transformation. Thus, the FDT is 
preferably in the range of 780 to 980°C. 

After the completion of finish rolling, a forced 
cooling treatment is applied. In the present invention, a 
forced cooling condition is particularly important. In the 
present invention, within 2 seconds after the completion of 
finish rolling, a forced cooling is preferably carried out 
at a cooling rate of not less than 50°C/second to a 
temperature in the range of .620 to 780°C. With a cooling 
start time exceeding 2 seconds, the structure coarsens and 
f er ri te— t rans f ormation— is— del-ayedT — resul ting ~rn~poor~pr es s ~ 
formability. The cooling start time after the completion of 
finish rolling is preferably limited to within 2 seconds. 

With a cooling rate of less than 50°C/second after the 

« 

completion of finish rolling, and ferrite transformation 
undesirably starts during the forced. cooling, _ferrit,e 
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transformation does not appropriately occur' in a subsequent 
isothermal holding treatment or slow cooling treatment, thus 
resulting in a decreased press formability Accordingly/ 
thie cooling rate" is preferably limited to riot less than 
50°C/second. However, with a cooling rate exceeding 

300°C/secohd, degradation of the steel sheet 1 shape * is 

. j\ , ■ - ■ ■ ■ • • ''*>.' ■ ■■■-.»■. 

concerned. Thus, the upper limit of the cooling rate is 

preferably 300°C/second . 

In addition, in the present invention, ' the steel sheet 4 
is preferably cooled to the vicinity of a nose of a free or 
pro-eutectbid " f errite temperature region of 620 to 780°C by 
the above-mentioned forced cooling .' At a cooling stop 
temperature 4 ' of J less than 620°C of the 'forced cooling', free 
ferrite is not 'generated/ but pearlite is 'generated: At a 
cooling stop temperature exceeding* 780 o C/ a decrease' in ' "'" 
concentration "of carbon into austenite' decreases with a 
decrease * in the generation of free ferrite. The codiing 
stop temperature of forced cooling is more preferably in the 
range of 650 to' 750°C. " * 

After the forced cooling to the vicinity of a nose of 
free* ferrite temperature region of 620 to 780°C, an 
isothermal holding treatment for 1 to 10 seconds' within the 
above-mentioned temperature region or a slow codling 
treatment at a cooling rate of not more than 20°C/second is 
preferably performed. 



i 
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By the isothermal holding treatment for a short period 
of time within this temperature region (620 to 780°C) or the 
slow cooling treatment for a short period of time within the 
above-mentioned temperature region, a desired amount of free 
ferrite can be formed. 

For achieving the concentration of carbon into the 
austenite along with ferrite transformation, the isothermal 
holding treatment or slow cooling treatment is more 
preferably performed within a temperature region of 620°C to 
7 50°C. 

A holding time of the isothermal treatment or a time 
required for the slow cooling treatment of less than 1 
second causes insufficient concentration of carbon into the 
austenite. On the other hand, a time exceeding 10 seconds 
causes pearlite transformation. 

A cooling rate of the slow cooling treatment exceeding 
20°C/second causes insufficient concentration of carbon into 

If * " 

the austenite . 

After the isothermal holding treatment or slow cooling 
treatment~7~ the" ~rl>ri^d~~sKeetr~ls preferably cooleci again "to" a 
temperature of 300 to 500°C at a cooling rate of not less 
than 50°C/second, and then coiled. That is, the rolled sheet 
is preferably coiled at a coiling temperature. (CT) of 300 to 

500°C. 

After the isothermal holding treatment , or. slow cooling 
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treatment, the rolled sheet is cooled to a temperature of 

r 

» > . • : » . , » '. • • • • . 

■ < . , . ' . .. ' . . . . ' 

300 to 500°C. Also, the cooling rate of this treatment is 

- * *. -■ ■ . * * -J * • • . • . * * * i. * . . t t 

preferably not less than 50°C/second. With the cooling rate 
of less than 50°C/second, peariite transformation occurs and 

« r * ■ * 

^ «... — — , , • - * • . • l - « * - t 

, \ ♦ ' * * * . '» • f • r I ^ • 

ductility is "decreased. The cooling rate is more "preferably 
within the range of 50 to 20b°C/second . 

With a coiling temperature CT of less than 300 6 C, the 
secondary phase contains martensite. On the other hand, 
with the coiling temperature exceeding 500°C, the secondary 
phase contains peariite . Thus, the cbiiing' temperature CT 

♦ 

• ^. . . * 'v 1 . j i- vi ..- - . */ '. ' . ■ .- « ' -~.;v v ^ t; • .• » v i. \. . >. \ .... • . % 

is preferably within a range of 300 to 500°C. 

In the present invention, all or part of finish rolling 
may be' lubrication' rolling to reduce the roiling load during 
hot rolling." Application of lubrication rolling is 
effective also from the viewpoint of achieving a uniform 
steel sheet shape "and uniform material quality. The 
frictiohai coefficient ori the lubrication rolling is 
preferably in the range of 0.25 to 0.10. A continuous 
rolling- process is preferable one, in which neighboring sheet 
bars can be connected to each other to perform finish 
rolling continuously. Application of the continuous rolling 
process is desirable also from the viewpoint of operational 
stability of hot rolling. 

After the completion of hot rolling, temper rolling of 
not more than 10% may be applied for adjustment such as 
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shape correction or surface roughness control. 

The hot-rolled steel sheet of the invention may be used 
as a steel sheet for processing and as a steel sheet for 
surface treatments. Surface treatments include galvanizing 
{including alloying), tin-plating and enameling. After 
annealing or galvanizing, the hot-rolled steel sheet of the 
present invention may be subjected to a special treatment to 
improve activity to chemical treatment, weldability, press 

» 

formability, and corrosion resistance. 
(2) Cold-rolled steel sheet 

« » 

A cold-rolled steel sheet of the present invention will 
now be described. 

The cold-rolled steel sheet of the present invention 
has a composite structure comprising a ferrite primary phase 

* 

and a secondary phase containing retained austenite having a 
volume ratio of not less than 1% of the entire structure. 

» 

As described above, a cold-rolled steel sheet having such a 
composite structure exhibits high elongation (El), high 
strength/elongation balance (TS x El) , and excellent press 

-formabi-l-ity^ — ; — 

The volume ratio of the ferrite primary phase contained 
in the composite structure is preferably not less than 50%. 
With a ferrite phase content of less than 50%, it is > 
difficult to keep high ductility, resulting in poor press 

/■ - 

formability. When further enhanced ductility is required, 

r ......... - '. - - ' • . i- - • -» •* - ■* 
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the volume ratio of the ferrite phase is preferably not less 
than 80%. For the purpose of making full use of advantages 
of the composite structure, the ferrite phase is preferably 
not more than 98% . 

In the present invention/ the steel sheet must contain 
a retained austenite phase as the secondary phase in a 
volume ratio of not less than 1% of the entire structure. 
With a retained austenite* phase content of less than 1%, it 
is impossible to obtain high elongation (El)\ To obtain 
higher- elongation " (Ely, thk retained austenite phase is" 
preferably contained" in" a volume" ratio of not less than 2%, 
more preferably, not less' than 3i. 

The secondary phase may be a single* retained austenite 
phase' having a' volume* 'ratio of not less than 1%, or may be a 

mixture of a Tetained'austehite phase of a volume ratio of 

. . * - .* • . 

not less* than 1% and an auxiliary (another) phase" comprising 
apeariite phase, a bainite phase, and/or a martensite phase. 

The" reasons -for limiting the composition of the cold- 
rolled steel sheet of' the present invention will now be 
described. The weight percent in the composition will 
simply be denoted hereinafter as %. 

C: not more than 0.20% 

C is an element, which improves strength of a steel 
sheet and promotes the formation of a composite structure of 
a ferrite phase and a retained austenite phase, and is 
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preferably contained in an amount of not less than 0.01% 
from the viewpoint of forming the retained austenite phase 
in the present invention. A C content is more preferably 
not less than 0.05%. A C content exceeding 0.20%, however, 
causes an increase in amount of carbides in the steel, 
resulting in a decrease in ductility, and hence a decrease 
in press formability. A more serious problem is that a C 
content exceeding 0.20% leads to remarkable deterioration of 
spot weldability and arc weldability. For these, reasons, in 
the present invention, the C content is limited to not more 
than 0.20%. From the viewpoint of formability, the C 
content is preferably not more than 0.18%. 
Si: not more than 2.0% 

Si is a useful strengthening element, which improves 
strength of a steel sheet without a marked decrease in 
ductility of the steel sheet and facilitates the formation 
of a residual austenite phase. The Si content is preferably 
not less than 0.1%. An Si content exceeding 2.0%, however, 
leads to deterioration of press formability and degrades the 

surface- quality- - The— Si— content-irs-™ thefef of^~rimi"teci to 

not more than 2.0%. 

Mn: not more than 3.0% 

Mn is a useful element/ which strengthens the steel and 
prevents hot cracking caused by S, and is therefore 
contained in an amount according to the S content. These 
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effects are particularly remarkable at an Mn content of not 
less than 0.5%. However, an Mn content exceeding 3.0% 
results in deterioration of press formability and 
weldability. The Mn content is, therefore, limited to not 

, - , r 

. . • t . ■ — • • ' t 

1 • •**■■! ' * " " * • * • ' 1'"-- 

more than 3-0% in the present invention. More preferably, 
the Mn content is not less than 1.0%. 
P: not more than 0". 10% 

P strengthens the steel, and may be contained in an 
amount of preferably not less, than 0.005%, according to a 
desireoT strength ^ However, ah excess P content causes 
deterioration of press formability. The P content is, 
therefore, limitied to not more than 0.10%. When more 
excellent press formability is required, the P content is 
preferably not more than 0.08%. 

S: not more than 0.02%^ 

S is an element, which is present as inclusions in 
steel and causes deterioration of ductility, formability, 
and particularly stretch flanging formability of a steel 
sheet, and it should be the lowest possible. However, an S 
content reduced to not more than 0.02% does not exert much 
adverse effect. Thus, the S content is limited to not more 

■< ■ ' ■ # . . ^ ! . ' 

than 0.02% in the present invention. When superior stretch 
flanging formability is required, the S content is 
preferably not more than 0.010%. 
Al: not moire than 0.30% 
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Al is a deoxidizing element of steel, and is useful for 
improving cleanliness of the steel. In addition, Al is 
effective for the formation of the retained austenite. In 
order to obtain these effects, the Al content is preferably 
not less than 0.01%. However, an Al content exceeding 0.30% 
cannot give further enhanced deoxidizing effects, and causes 
deterioration of press formability. The Al content is, 
therefore, limited to not more than 0.30%. The invention 

' * 1 ' 

also includes a steel making process using other deoxidizers, 
for example, Ti or Si, and steel sheets produced by such 
deoxidation methods are also included in the scope of the 
invention. In this case, addition of Ca or REM to molten 
steel does not impair the features of the steel sheet of the 
invention at all. Of course, steel sheets containing Ca or 
REM are included within the scope of the invention. 
N: not more than 0.02% 

N is an element, which increases strength of a steel 
sheet through solid solution strengthening or strain age 
hardening, and is preferably contained in an amount of not 
- more than— 0 . 001%-. However, an N~ content exceeding- 0~02% 
causes an increase in nitride content in the steel sheet, 
whereby ductility and press formability of the steel sheet 
are seriously deteriorated. The N content is therefore 

limited to not more than 0.02%. When further improvement of 

• r . ' ••• ' ■ 

press formability is required, the N content is preferably 



1 



1 



Best Available Copyo2387322 2002-05-24 



- 60 - 

not more than 0.01%. 
Cu: 0.5 to 3.0% 

Cii is an element, which remarkably increases strain age 
hardening of a steel sheet (increase in strength after pre- 

• t • * 

deformation/heat treatment ) , and is one of the most 

important elements in* - the present ' invention. With' a Cu' 

. .a - . . . ^ .... . . . ... - 

content of" less than 0.5%, an increase in tensile' strength 

ATS exceeding 80 MPa cannot be obtained by changing the pre- 

deformation/heat treatment conditions. In "the" present 

invehtionV therefore, Cu should"" be contained in an' "amount : v 6f 

not less than 0 . 5% / 'With a "Gu content exceeding 3: 0%V : " 

however i ;t the* Effect- is saturated; leading to unfavorable ■ " 

economic effects. Furthermore, deterioration of press 

f of mab ! iiity "occurs", and the surface quality of the r steel 

sheet is degraded. The Cu content is, therefore, limited ' 

within the' tang e ' of 01 5 to 3 . 0% . ' 4 In "order to simultaneously 

achieve a "higher ATS and excellent press formabilityV the Cu 

content is preferably within the range of 1.0 to 2.51. 

In the present invention, the above-mentioned 
composition containing Cu preferably further contains, in 
weight percent, at least oneof the following Groups A to C: 

Group A: Ni: not more than 2.0%; 

Grourj B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

Group C: at least one of Nb, Ti, and V: not more than 
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0.2% in total. 

Group A: Ni: not more than 2.0% 

Group A: Ni is an element effective for preventing 

> . . . . . • • « 

» 

surface defects produced by Cu contained in the steel sheet, 
and may be contained as required. The Ni content depends on 
the Cu content, and is preferably about a half the Cu 
content, more specifically, within the. range of about 30 to 
about 80% of the Cu content. An Ni content exceeding 2.0% 
cannot give further enhancement in the effect because of . 
saturation of the effect, leading to economic disadvantages, 
and causes deterioration of press formability. For these 
reasons, the Ni content is preferably limited to not more 
than 2.0%. 

Group B: at least one of Cr and Mo: not more than 2.0% 
in total 

Group B: Both Cr and Mo, as well as Mn, strengthen the 
steel sheet and may be contained as required preferably in 
an amount of not less than 0.1% for Cr and not less than 
0.1% for Mo. If at least one of Cr and Mo are contained in 
an -amount— exceeding— 2-. 0%- in totals press formability is~ 
impaired. It is therefore preferable to limit the total 

♦ * 

content of Cr and Mo forming Group B to not more than 2.0%. 

Group C: at least one of Nb, Ti, and V: not more than 
0.2% in total 

Group C: Nb, Ti, and V are elements, which effectively 
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form fine dispersion of carbides contributing to an increase 
in strength. Therefore, Nb, Ti, and V can be selected and 

. ...... - -- -. m . - ■ 

. . * . . .< J I - .J . . .. . I I 

contained as required preferably in an amount of not less 
than 0.01% for Nb, in an amount of not less than 0,01% for 

- - , r: • • • ■ H ' " * ; . . - I f . 

Ti and in an amount of not less than 0.01% for V. If the 
total content of at least one of Nb, Ti, and V exceeds 0.2%, 



I 1 *■-!,• , \ 



the press formabil.ity is impaired. Thus, the total content 
of Nb, Ti and/or V is preferably limited to not more than 

, - ■ > *; ■ ■• :*"■♦* . - '- t * • * ■ - . . , 



0.2%. 



_ - «. „/ . . - ~ j ■ . . v . ».«,<- . . .■ ■ / s » .-•<.- J - -J- > ~ . — • ♦ . 



In the present invention, in place of the 



i *t . <. r j i. c w - - .•• Vi. v _ ••; / • • v. r„ 



aforementioned Cu, at least one selected from the group 

..- jr ..:c: v^h - ; *: s j c , -i :^ : '-Tr -r:,>- 1;. n r 

consisting of Mo: 0.05 to 2.0%, Cr: 0.05 to 2.0%, and W: 
0.05 to 2.0% may be contained in an amount of not more than 

f l i - V * / „ ,11.' ^ • * . . .,*...-• l : • - . j. . : - . - f - . 

2.0% in total. 

At least one selected from the group consisting of Mo: 
0.05 to 2.0%, Cr: 0.05 to 2.0% and W: 0.05 to 2.0%, in an 

< ■ r 

- • ? " . . . - ' . . • • » .. 1 ■ . *. . ' 

amount of not more than 2.0% in total 

In the present invention, all of Mo, Cr, and W, as well 
as Cu, are the most important elements, which remarkably 
increase strain age hardening of the steel sheet, and can be 
selected and contained. When a steel sheet containing at 
least one of Mo, Cr, and W and having a composite structure 

♦ 

of a ferrite phase and a phase containing retained austenite 

..." .. . .. - --v " 

is subjected to a prestrain (pre-def ormation) of not less 

than 5% and a low-temperature heat treatment (heat 
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treatment) , the retained austenite is changed into 
martensite by strain-induced transformation. Then, the 
formation of fine carbide precipitation in the martensite is 
induced by the strain, resulting in an increase in tensile 
strength ATS of not less than 80 MPa. With a content of 
each of these elements of less than 0.05%, changing pre- 
def ormation/heat treatment conditions does not give an 
increase in tensile strength ATS of at least 80 MPa . If the 
content of each of these elements exceeds 2.0% f a further 
enhanced effect corresponding to the content cannot be 
expected as a result of saturation of the effect, leading to 
economic disadvantages, and this results in deterioration of 
press formability. The contents of Mo, Cr, and W are 
therefore limited within the range of 0.05 to 2.0% for Mo, 
0.05 to 2.0% for Cr, and 0.05 to 2.0% for W, From the 
viewpoint of press formability, the total content of Mo, Cr, 
and W is limited to not more than 2.0%. 

In the present invention, at least one selected from 
the group consisting of Mo, Cr, and W is preferably 
conta ined and furt her, at least one of Nb, Ti, and V ar e 
preferably contained not more than 2.0% in total. 

At least one of Nb, Ti, and V, in a total amount of not 
more than 2.0%: 

Nb, Ti, and V are elements forming carbides, and can be 
selected and contained as required, when at least one of Mo, 



1 
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Cr, and W is added. When the steel composition contains at 
least one- of* Mo, Cr, and W and has a composite structure 
containing- a ferrite phase and a retained austenite phase, 
and contains at least one of Nb, Ti, k and V, the retained 
austenite is transformed into martensite by strain-induced 
transformation during the pre-deformation/heat treatment - : 
Then; fine carbide precipitation! is induced by the strain in 
the martensite, thus "resulting in an increase in* tensile 
strength ATS of not-less than 80 MPa : This ^effect is 

V 

particularly-remarkable : pref erably at a Nb content of not 

1 

less:- than** 0.01%, at 'a ,: Ti -content of -not less' than Or 01%/ and 
at a V content of hot 7 'less than 0701%. However, a total' 1 
"content of Nb> -Ti, arid V exceeding 2. 0% 'causes - deterioration 
of * press fdrmability; Thusy'- the : total content- of Nb> Ti ; 
and/or V is pref erably limited to not - more -than ^2 . 0% . 

"Although' no particular restVictibh is imposed, apart 
from the' above-mentioned constituents, the composition may 
contain B: not more than 0.1%, Zr: riot more than 0 . 1%', Ca: 
not more than 0.1%> and REM: not more than 0.1% without any 
problem. 

The balance of the composition of the steel is Fe and 
incidental impurities.' Allowable incidental impurities 
include Sb: not more than 0.01%, Sn: not more than 0.1%, Zn: 
not- more than 0. 01% , arid Co: hot more than 0.1%. 

The method for manufacturing the cold-rolled steel 



1 
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sheet of the present invention will now be described. 

The cold-rolled steel sheet of the present invention is 
manufactured through a hot rolling step of hot-rolling a 
steel slab having the composition within the aforementioned 
ranges into a hot-rolled steel sheet, a cold rolling step of 
cold-rolling the hot-rolled steel sheet into a cold-rolled 
steel sheet, and a recrystallization annealing step of 
recrystallizat ion-annealing the cold-rolled steel sheet to 
form a cold-rolled annealed steel sheet. 

Although the steel slab used is preferably manufactured 
by a continuous casting process to prevent macrosegregation 
of the constituents, it may be manufactured by an ingot 
casting process or a thin-slab continuous casting process. 
A conventional process employed in this embodiment includes 
the steps of manufacturing a steel slab, cooling the steel 
slab to room temperature, and reheating the slab. 
Alternatively, an energy- saving process is applicable 
without problem in the present invention. For example, a 
hot steel slab is charged into a reheating furnace without 
cooling to room temperature, or directly rolled immediately 
af t er~ -short-t empera t ur e_hol ding^ .(.direct- f _ejed rol 1 i ng__or . 
direct rolling) . 

The steel slab having the above-mentioned composition 
is reheated and hot-rolled to make a hot-rolled steel sheet. 
No particular problem is encountered as to conventionally 
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known conditions so far as such conditions permit 
manufacture of a hot-rolled steel sheet having a desired 
thickness in the hot rolling step. Preferable conditions 
for hot rolling are as follows: 

Slab reheating temperature: not less than 900°C 
The slab repeating temperature is preferably the lowest 
possible with a view to prevent surface 'defects caused by Cu 

when the composition' contains Cu . However, with a reheating 

. . *. . • . . . . • . 

temperature of less than 900°C, the rolling load increases, 

thus' increasing .the risk' of occurrence of a trouble' during 

hot rollings In~ view" of ah increase in scale" loss caused by 

facilitated " oxidation/ the slab reheating temperature is 

preferably not more than l f 300°C. 

From the viewpoint of reducing the slab reheating*' " 

.... • t 

temperature and preventing occurrence of ' troiibles* during hot 

rolling/ vise of a so-called sheet bar heater, which heats a 
sheet bar, is effective. 

Finish rolling end temperature: not less than 700°C 
At a finish rolling end temperature (FDT) of not less 
than 700°C, it is possible to obtain a uniform hot-rolled 
mother sheet structure which can give an excellent 
formability after cold rolling and recrystallizat ion 

annealing. A finish rolling end temperature of less than 

... . . - . 

700°C leads to a non-uniform structure of the hot-rolled 

mother sheet and a higher rolling load during hot rolling, 
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thus increasing the risk of occurrence of troubles during 
hot rolling. Thus, the FDT for the hot rolling step is 
preferably not less than 700°C. 

, Coiling temperature: not more than 800°C 

The coiling temperature is preferably not more than 
800°C, and more preferably not less than 200°C. A coiling 
temperature exceeding 8Q0°C tends to cause a decrease in 
yield as a result of an increased scale loss. With a 
coiling temperature of less than 200°C, the steel sheet 
shape is seriously impaired, and there is an increasing risk 
of occurrence of inconveniences in practical use. 

In the hot rolling step in the present invention, as 
described above, it is desirable to reheat the slab to a 
temperature of not less than 900°C, hot-roll the reheated 
slab at a finish rolling end temperature of not less than 
700°C, and coil the hot-rolled steel sheet at a coiling 
temperature of not more than 800°C and preferably not less 
than 200°C. 

In the hot rolling step in the present invention, all 
o r -pa r t- o f — f i n i s h~r o±i i ng- ma y -be— tutor teat ion — r o~l~Ti ngy wh i ch~" 
reduces the rolling load during the hot rolling. The 
lubrication rolling is effective also from the viewpoint of 
achieving a uniform steel sheet shape and. a uniform material 
quality. The frictional coefficient on the lubrication 
rolling is preferably within a range of 0.25 to, 0.10. It is 
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desirable to connect neighboring sheet bars to each other to 

- . ■ ■ ■ 

... ... 

perform a continuous finish rolling process. Application of 
the continuous rolling process is desirable also from the 
viewpoint of operational stability of hot rolling. 

Then, a cold rolling step is conducted for the hot- 
rolled steel sheet. In the cold rolling step, the hot- 
rolled steel sheet is cold-rolled into a cold-rolled steel 
sheet. Any cold rolling conditions may be used so far as 
such conditions permit production of cold-rolled steel 

sheets with desired dimensions and shape, and no particular 

:'.f;:ctc.i ,, j; % - < : , v, c - J 

restriction is imposed. The reduction in cold rolling is 

. <.,i~ :or - j ■ - .1 ■_: J ^. - * *-..,/ /. : :• i: 

preferably not less than" 40%. With a reduction of less than 

40%, uniform rec'rystalli zat ion barely occurs during the 

subsequent recrys tallizat ion-annealing step. 

Then, the cold-rolled steel sheet is subjected to the 

recrystallization annealing step to convert the sheet into a 

cold-roiled annealed steel sheet. The recrystallization 

annealing is preferably carried out on a continuous 

annealing line. In the present invention, the 

recrystallization annealing is a heat treatment which 

includes heating and soaking the cold-rolled sheet in the 

. .-■ . ... .. 

dual phase region of ferrite and austenite in the 
temperature range between the A cl transformation point and 

♦ 

the A c3 transformation point, cooling the sheet, and 
retaining the sheet at a temperature in the range of 300 to 
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500°C for 30 to 1,200 .seconds. 

The heating and soaking temperature for 
recrystallization annealing is preferably within the dual 
phase region in the temperature range between the A C1 
transformation point and the A^ transformation point. The 
heating and soaking temperature of less than the A cl 
transformation point leads to the formation a single ferrite 
phase. On the other hand, a high temperature exceeding A^ 
transformation point results in coarsening of crystal grains, 
the formation of a single austenite phase, and a serious 
deterioration of press formability. 

After the heating and soaking treatment, the sheet was 
cooled from the heating and soaking temperature and retained 

i 

at a temperature in the range of 300 to 500°C for 30 to 
1,200 seconds. The heating and soaking treatment and the 
subsequent retaining treatment facilitates the formation of 
a retained austenite phase of not less than 1%. When the 
temperature for the retaining treatment is less than 300°C, 
the composite structure of ferrite and martensite is formed. 
-On— the other—hand, a -temperature— range exceeding— 500°e leads 
to a f errite/bainite composite structure or a 
f errite/pearlite composite structure. In these cases, the 
retained austenite is barely formed. 

In addition, a retention time of less than 30 seconds 
in the temperature range of 300 to 500°C cannot lead to the 

- ■ • .... - ,r 

J • 
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formation of the retained austenite structure. Also/ the 
retention time 1 exceeding 1,200 seconds cannot lead to- the * 
formation of the retained austenite structure, but leads to 
a f errite/bainite composite structure. Therefore, the * 
retention ^time in the temperature region of 300 to : 500°C is 
preferably in the range of 30 to 1,200 seconds. 

By the recry'stallization - annealing, a composite 
structure of- a f err i fie' phase and a retained 1 austenite phase 
is 'formed, whereby a* high ATS can be obtained together with 
high - ductility. * :i ■•■ - • 1 ~*- - * 

-■ < f -*fAf ter " the— hot : rolling/ temper rolling- with- a- reduction 
rate of "not rriore^thaiT 10% may be applied for adjustments and 
other ~shape ; "correction r and; 'surface -roughness "control . 

* 

, The, cold-rolled steel* sheet- of the invention ihay -be 
used as a steel sheet' "for 1 processing -"and -as ^a' steel sheet 
for surf ace-treating i. 1 Surf ace treatments include 
galvanizing . (including alloying) , tin-plating and ''enameling . 
After^ galvanizing, the cold-rdlTed steel sheet of the 
present invention may be subjected to a special treatment to 
improve activity to chemical treatment, weldability, press 
formability, and corrosion resistance. 
(3) Hot-dip galvanized steel sheet * 1 

The hot-dip galvanized steel sheet of the present 
invention will now be described. 

The hot-dip galvanized steel sheet of the present 
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invention has a composite structure comprising a primary 
phase consisting of a ferrite phase and a tempered 
martensite phase and a secondary phase containing retained 
austenite phase in a volume ratio of not less than 2%. 

Note that the term "tempered martensite phase" in the 
present invention means a phase produced by heating a lath 
martensite. That is, the tempered martensite phase still 
maintains a fine internal structure of the lath martensite/ 
after the heating (tempering) . Furthermore, the tempered 
martensite phase is softened by heating (tempering) , has 
enhanced def ormability as compared with martensite, and is 
effective for improving ductility of the steel sheet. Note 
that the term "lath martensite" means martensite consisting 
of bundles of thin long platelike martensite crystals, which 
can be observed with an electron microscope. 

In the hot-dip galvanized steel sheet of the present 
invention, the total volume ratio of the ferrite phase and 
the tempered martensite phase functioning as the primary 
phase is preferably not less than 50%. With a total volume 
ra"tio of ~the f erf i te~phase and" t he~~t empeYed pfraseT of less 
than 50%, it is difficult to secure high ductility and press 
formability is decreased. When further enhanced ductility 
is required, the total volume ratio of the ferrite phase and 
the martensite phase functioning as the primary phase is 
preferably not less than 80%. For the purpose of making 



11 * *w . 
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full use of advantages of the composite structure, the total 
of the ferrite phase and the tempered martensite phase is 
preferably not more than 98% ."' The ferrite phase 
constituting the primary phase preferably occupies not less 
than 30% by volume of the entire structure, and the tempered 
martensite phase preferably occupies riot less than 20% by 
volume of the* entire structure. With a volume ratio of the 
ferrate phase "of less than ' 30% , or with" a volume ratio of 
the tempered martensite 5 phase of less than' 20%, the 
ductility will v not be femarkabiy 'enhanced! ^ "~ * " " 

■ • r * 

The' hot-dip' galvanized steel sheet' of the' present 
invention' contains'' a retained 1 austenite ^phase as ' a secondary 
phase with' a 'vofiime ratio of riot ~ less 'than 1% of the entire 
structure r With n a" content of the retained austenite phase 
*of less than 1%, 1 high elongation ° J (El) carihot be obtained. 

, > ■*< ^ . * ■* 

In order "to obtain* higher elongation '"(El the retained 
austenite phase is preferably 'contained not' less than 2% and 
more preferably not less than 3%. The secondary phase may 
be a single retained austenite phase having a volume ratio 
of not less than 1%, or may be a mixture of a retained 
austenite phase of a volume ratio of hot less than 1% and an 
auxiliary (other )* phase, for example/ a pearlite phase, a 

. - * ■ ► • - . , ...... ! * .. » 

bainite phase', and/or a martensite phase. 

The reasons' for limiting the composition of the hot-dip 
galvanized steel'sheet of the present invention will now be 



r 
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described . 

C: not more than 0.20% 

C is an element, which improves the strength of a steel 
sheet and promotes the formation of a composite structure of 
a primary phase comprising ferrite and tempered martensite 
and a secondary phase containing retained austenite. In the 
present invention, from the viewpoint of formation of the 
composite structure, C is preferably, contained in an amount 
of not less than 0.01%. A C content exceeding 0.20% causes 
an increase in carbide content in the steel, resulting in a 
decrease in ductility, and hence a decrease in press 
formability. A more serious problem is that a C content 
exceeding 0.20% leads to remarkable deterioration of spot 
weldability and arc weldability. For these reasons, in the 
present invention, the C content is limited to not more than 
0.20%. From the viewpoint, of formability, the C content is 
preferably not more than 0.18%. 

Si: not more than 2.0% 

Si- is. a useful strengthening element, which improves 
strength of ~a~~steel sheet without a marked decrease in 
ductility of the steel sheet, and is necessary for obtaining 
retained austenite. These effects are particularly 
remarkable at an Si content of not less than 0.1% and 
therefore, the Si content is preferably not less than 0.1%. 
An Si content exceeding 2.0%, however, leads to 
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deterioration . of press formability and degrades the 
platability. Therefore, the Si content is limited, to not 
more than 2.0%. 

Mn: not more.. than 3.0%. 

-*.•■■ ■ • 

Mn is a useful element, . which strengthens the steel and 
prevents hot cracking caused by S, and is therefore 
contained in an amount according to S content These 
effects are particularly remarkable at an Mn. content- of not 
less than 0.5%., However, .an Mn content exceeding 3.0% 
results in, deterioration of press j . formability , and. . y ., 
weldabilitv.. The Mn content is, therefore, limitedr, to not . r 
more than 3.0%. More preferably, the Mn content is not less 
than 1.0%..;;. ::; - . x _ • - • . r* ■ ; 

P: not more. than 0.10%: -f 
r P. strengthens .the. steel.. In the present invention,; P is 
preferably contained, in. an .amount .of, not less than 0.005%>.-*- 
for securing, the, strength. ^ However, an excess content of -P 
exceeding 0.10% causes deterioration of. press formability. 
For this reason, in the . present invention, a P ; content is 
limited to not more than 0.10%. When more enhanced press 
formability is required, the P content is preferably not 
more than 0.08%. 

* . 

S: not more than 0.02% 

S is an element ,. which is present as inclusions in a 
steel sheet and causes deterioration of ductility, 
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formability, and particularly stretch flanging f ormability 
of the steel sheet, and it should be the lowest possible. 
An S content reduced to not more than 0.02% does not exert 
much adverse effect and therefore, the S content is limited 
to not more than 0.02% in the present invention. When 
excellent stretch flanging formability is required, the S 
content is preferably not more than 0.010%. 
Al: not more than 0.10% 

Al is a deoxidizing element of steel, and is useful for 
improving cleanliness of steel. In addition, Al is 
effective for the formation of the retained austenite. In 
the present invention, the Al content is preferably not less 
than 0.01%. An excess Al content exceeding 0.30%, however, 
cannot give a further enhanced effect because of saturation 
of the effect, and causes deterioration of press formability 
The Al content is, therefore, limited to not more than 0.30% 
The present invention also include a "steel making process 
using other deoxidizers, for example, Ti or Si, and steel 
sheets produced by such deoxidation methods are also 

-i-nciuded- -in—the— s -cope— of —the pr e sen t~ rnven 1 iron-r— In~t hi s~ 

case, addition of Ca or REM to molten steel doeis not impair 
the features of the steel sheet of the present invention at 
all. Of course, steel sheets containing Ca or REM are 
included within the scope of the present invention. 
N: not more than 0.02% 



1 
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N is an element, which increases strength of a steel 

» 

sheet through solid solution strengthening or strain age 
hardening/ and is preferably contained in an amount of not 
less than 0.001%. An N content exceeding 0.02% causes an 
increase in the nitride content in the steel sheet , which 
causes serious deterioration of ductility and of press 
formability. The N content is, therefore, limited to not 
more than 0.02%. When further improvement of press 
formability is required, the N content 'id preferably "not 
more than 0.01%. ' ' ' : ' •' ' 

Cu: 0.5 to 3.0% * :: ' ' " " 1 '-'' <i '-' : j ' ; X : ' V - '' 

* 

' Cu is ~an : element , which remarkably increases- "strain age 
hardening of a steel l sheet (increase 'in strength after pre- 

, * ' ■ * * 

deformation/heat treatment ), 1 and is the most important, 
element in the present invention . With a "Cu content of less 
than 0 15%^ an increase in* tensile strength : ATS of not less 
than 80 MPa^cannot be obtained by criknging the'pre- 
def ormation/heat treatment conditions; In the present 
invention, therefore, Cu should be contained in ari amount of 
not less than 0.5%. With a Cu content exceeding 3.0%, 
however, the effect is saturated, leading to unfavorable 

economic effects. Furthermore, deterioration of press 

. i, .... . ♦ 

formability occurs, and the surface quality of the steel 

sheet is degraded. The Cu content is, therefore, limited 

within the range of 0.5 to 3.0%. In order to simultaneously 
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achieve a higher ATS and excellent press f ormability, the Cu 
content is preferably within the range of 1.0 to 2.5%. 

In the present invention, it is preferable that the 
composition containing Cu further contain, in weight percent, 
at least one of the following Groups A to C: 

Group A: Ni: not more than 2.0%; 

Group B: at least one of Cr and Mo: not more than 2.0% 
in total; and 

Group C: at least one of Nb, Ti, and V: not more than 
0.2% in total. 

Group A: Ni: not more than 2.0% 

Group A: Ni is an element effective for preventing 
surface defects produced by Cu contained in the steel sheet, 
and can be contained as required. The Ni content depends on 
the Cu content, and is preferably about a half the Cu 
content, more specifically, within the range of about 30 to 
about 80% of the Cu content. An Ni content exceeding 2.0% 
cannot give further enhancement in the effect because of 
saturation of the effect, leading to economic disadvantages, 
and causes deteri oration of press TEorma6iTi"ty . For these 
reasons, the Ni content is preferably limited to not more 
than 2.0%. 

Group B: at least one pf Cr and Mo: not more than 2.0% 
in total 

1 1 1 ■ ■ « 

Group B: Both Cr and Mo strengthen the steel sheet, 
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like Mn, and can be contained as required. However, if at 
least one of Cr and Mo are contained in an amount exceeding 
2.0% in total, press formability is impaired. The total 
content of Cr and Mo is preferably limited to not more than 
2.0%. From the viewpoint of press formability, a Cr content 

is preferably not less than 0.1%, and an Mo content is 

* ■ * ■ "* ■ . " . • *** - - ~ "* - > 

preferably not less than 0.1%. 

Group C: at least one of Nb, Ti, and V: not more than 



•• * » ► X - . i { 



0.2% in total 

Group C: Nb, Ti, and V are carbide-forming elements and 
increase strength by fine dispersion of carbides, and can be 

; > .n . f ■ ' ^_ . . * ' ^ ,~ ~ ..... ■ , v • - ^ ...... ^ 

selected and contained as required. . However, if the total 

-■■*»»» . • 



content of at least one of Nb, Ti, and V exceeds 0.2%, press 
formability is impaired. Thus, the total content of Nb, Ti 

; •> - «. ■<->"»'■,. •*-*» "t * ■ ' - ' \ > : • .. - ■ • — - ' I : ■_■ - 

and V is preferably limited to not more than 0.2%. The 
above-mentioned effect can be achieved at an Nb content of 



not less than 0.01%, at a Ti content of not less than 0.01%, 

. • i . v . • . : ^ ; . / . ■ ■ ? : . f . J ■ . . • -. ; 

and at a V content of not less than 0.01%. 

In- the present invention, in place of Cu, at least one 
. ■ ■ 
selected from the group consisting of Mo: 0.05 to 2.0%, Cr: 

0.05 to 2.0%, Cr, and W: 0.05 to 2.0% may be contained in an 

amount of not more than 2.0% in total. 

- • ■ • ■ • • • . . ■ . . 

At least one selected from the group consisting of Mo: 
0.05 to 2.0%, Cr: 0.05 to 2.0% and W: 0.05 to 2.0%, in an 
amount of not more than 2.0% in total 
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In the present invention, all of Mo, Cr, and W, as well 

♦ 

as Cu, are the most important elements, which remarkably 
increase strain age hardening (increase in strength after 
pre-def ormation/heat treatment) of the steel sheet. When a 

► 

steel sheet containing at least one of Mo, Cr, and W, and 
having a composite structure comprising a primary phase of a 
ferrite phase and a tempered martensite phase and a 
secondary phase containing retained austenite in a volume 
ratio of not less than 1% is subjected to prestrain (pre- 
deformation) of not less than 5% and a low-temperature heat 
treatment (heat treatment) , the retained austenite is 
transformed into martensite by strain-induced transformation. 
Then, the formation of fine carbide precipitation is induced 
by the strain at a low temperature occurs in the martensite, 
resulting in an increase in tensile strength ATS of not less 
than 80 MPa. With a content of each of these elements of 
less than 0.05%, changing the steel sheet structure and pre- 
def ormation/heat treatment conditions does not give an 
increase in tensile strength ATS of not less than 80 MPa. 

.There f ore ,_in_t he presents inv_ent ion, each_of _Mo ,__Cr,_and W 

is preferably contained in an amount of not less than 0.05%. 
If the content of each of Mo, Cr, and W each exceeds 2.0%, a 
further enhanced effect corresponding to the content cannot 
be expected as a result of saturation of the effect, leading 
to economic disadvantages, and this results in deterioration 
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of press f ormability . For these reasons, the content of 
each of Mo, Cr, and W is preferably limited within the range 
of 0.05 to 2.0% f and the total content thereof is preferably 
limited to not more than 2.0%. 

The above-mentioned composition containing at least one 
of Mo, Cr, and W preferably further contains at least one of 
Nb^ Ti, and V in an amount of not more than 2.6% in total. 

At least one of Nb,~ Ti, and V, in a total ' amount of not 
more than 2.0% 

Nb, Ti-, r and V aire" carbide -forming- elements and can be 
selected -and contained "as "required; when at 'least' 6he of ' Mo f 
>Cr;^-and W is added . " However/ a total content bf Nb, Ti/ and 
V exceeding 2. 0% r causds deterioration of press f orrriability . 
Thus, the total 1 content of 'Nb/- TV, - and V is preferablY 
limited to not more than 2.0%. 1 At least one of Mo, Cr, and 
W are " added,- at least one of Nb, Ti, and V are added/ and 
the structure -is ^transformed into : a"- composite Structure of a 
primary phase comprising a ferrite phase and a tempered 
martensite phase and a secondary phase containing retained 
austenite. This forms fine composite carbides in martensite 
which was formed by strain-induced transformation during the 
pre-def ormation/heat treatment, and strain-induced fine 
precipitation at a low temperature occurs, resulting in an 
increase in tensile strength ATS of not less than ' 80' MPa. 
In order to obtain this effect, Nb, Ti', and V is preferably 
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contained in an amount of not less than 0.01% for Nb, in an 
amount of not less than 0.01% for Ti and in an amount of not 
less than 0.01% for V, and at least one of Nb, .Ti, and V can 
be selected and contained as required. 

Although no particular restriction is imposed, apart 
from the above-mentioned constituents, the composition may 
contain B: not more than 0.1%, Ca: not more than 0.1%, Zn: 
not more than 0.1%, and REM: not more than 0.1% without any 
problem. 

The balance of the composition of the steel is Fe and 
incidental impurities. Allowable incidental impurities 
include Sb: not more than .0.01%, Sn : not more than 0.1%, Zn: 
not more than 0.01% f and Co: not more than 0.1%. 

The method for manufacturing the hot-dip galvanized 
steel sheet of the present invention will now be described. 

The hot-dip galvanized steel sheet is preferably 
manufactured through a primary heat treatment step of 
heating a steel sheet having the above-mentioned composition 
to a temperature of not less. than the A cl transformation 
point and rapidly cooling the steel sheet, a secondary heat 
treatment step of heating the steel sheet to. a temperature 
of f errite/austenite dual phase within the range of A^ 
transformation point to A c3 transformation point on a 
continuous hot-dip galvanizing line, and a hot-dip 
galvanizing step pf forming a hot-dip galvanizing layer on 
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each surface of the steel sheet. 

A hot-rolled steel' sheet or a cold-rolled steel sheet 
may preferably be used in this process. A preferable 
manufacturing method of the steel sheet used will now be 
described; - although the method is not limited thereto in the 
present invention. 

l A suitable method for manufacturing the hot-rolled 
steel sheet Used as' a galvanizing substrate -will/ be 
described/ " . * - ....... . ....... 

A 'material - (steel slab) used" is preferably manufactured 
by --a ' continuous casting' process ' to' prevent^'mac 
of th'e-'constituents, but it" may* be manufactured by an "ihcfdt 
casting' process 'or a t^in'-slab' casting procelss . A : ; 

"conventional" process employed" in 1 this embodiment includes 
the steps of manufacturing a steel : siab r ; r cooling the steel 

slab to room temperature, and reheating the slab. 

...... _ A . . • - _ 

Alternatively, an energy-saving process is applicable with 

no problem. As the energy-saving process, for example, a 

direct-hot charge rolling process of charging the hot steel 

slab into a reheating furnace without cooling the same, and 

a direct rolling process of immediately rolling after a 

■ . • » „ . *. . _ 

short " temperature holding are ' applicable . 

The material (steel slab) is first heated, ! and 

subjected to a hot rolling step to' form a hot-rolled steel 

sheet. Known hot rolling conditions may be employed without 



r 
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problem as long as a hot-rolled steel sheet having a desired 
thickness is formed. Preferable conditions for hot rolling 
are as follows: 

Slab reheating temperature: not less than 900°C 
In the case of a steel slab containing Cu, the s.lab 
heating temperature is preferably the lowest possible to 
prevent surface defects caused by Cu. However, a heating 
temperature of less than 900°C causes an increase in the 
rolling load, thus increasing the risk of occurrence of a 
trouble during the hot rolling. Considering the increase in 
scale lpss caused by accelerated oxidation, the slab heating 
temperature is preferably not more than 1,300°C. From the 
viewpoint of decreasing the slab heating temperature and 
preventing occurrence of troubles during hot rolling, use of 
a so-called sheet bar heater, which heats a sheet bar, is 
effective . 

Finish rolling end temperature :, not less than 700°C 
At a finish rolling end temperature FDT of not less 
than 700°C, it is possible to obtain a uniform hot-rolled 



mother sheet structure which can give an excellent 
formability after cold rolling and recrystallization 
annealing. A finish rolling end temperature FDT of less 
than 700°C. leads to a non-uniform structure of the hot- 
rolled mother sheet and a higher rolling load during hot 
rolling, thus increasing .the risk of .occurrence of troubles 



» * ... * \ 



! 
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during Hot rolling.' Thus/ the FDT for the hot rolling step 
is preferably not less than 700°C. 

Coiling temperature: not more than 800°C 

The "coiling temperature CT is preferably not more than 
800°C, and more preferably not less than 266°C. The CT 
exceeding 800°C tends to cause a decrease in* yield' as a 
result of an increased, scale loss. With 5 " a* CT of Tess ; than 
200°C/ t He "steel sheet shape is seriously impaired, and 
there 'is an increasing risk of occurrence of inconveniences 
in practical use. 

The hot-rolled steel" sheet' suitably ^applicable in the 
present invention is preferably prepared by heating the slab 
to ; not ' less thair 900"C; hot-roll'ihg 'the j Heated slab at a 
finish '^rolling end temperature of not less than '700°C, and ' 
coiling the hot-rolled "sheet at a coiling temperature of" riot 
less* than 8tib°C) "anS- pref eirably not less " tharT 200°C . " 

In the above-mentioned hot rolling step, all or part of 
finish rolling may be lubrication rolling, which reduces the 
rolling. load during the hot rolling. The - lubrication 
rolling is effective also from the viewpoint of achieving a 

- - ^ * . ♦ 

uniform steel sheet shape and a uniform material quality. 
The frictional coefficient on the lubrication rolling is 
preferably within the range of 0.25 to 0.10. It is 
desirable to connect neighboring sheet bars to each other to 
perform a continuous finish rolling process. Application of 
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the continuous rolling process is desirable also from the 
viewpoint of operational stability of hot rolling. 

The hot-rolled sheet with scales may be annealed to 
form an internal oxide layer at the surface of the steel 
sheet. The internal oxide layer, which prevents 
concentration of Si, Mn, and P at the surface, improves hot- 
dip galvanizing ability. 

The hot-rolled sheet manufactured by the above- 

■ * 

mentioned method may be used as an original sheet for 
plating. Alternatively, the hot-rolled sheet may be cold- 
rolled to form a cold-rolled sheet used as an original sheet 
for plating. 

In the cold rolling step, any cold rolling condition 
may be used without particular restriction so far as such a 
condition permits production of cold^rolled steel sheets 
with desired dimensions and shapes. The reduction in cold 
rolling is preferably not less than 40%. A reduction of 
less than 40% inhibits uniform recrystallization during the 
subsequent primary heat treatment. 

InftRe " present~~invent "ion , the above -mentioned"stf eel 
sheet (hot-rolled sheet or cold-rolled sheet) is subjected 
to a primary heat treatment step including heating to a 
temperature of not less than the A C1 transformation point and 
rapid cooling. 

■ <■'*... . * * 

Heating in the primary heat treatment the steel sheet 
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is preferably held at a temperature of not less than A cl 
transformation point, more preferably not less than (A c3 ' 
transformation point - 50°C) , and most preferably not less 
than A' c3 •transformation point. After heating/ the : steel 

■ * 

sheet is preferably "rapidly cooled to a" ' temperature of not 
more than the : Ms point at a cooling rate of not less than 
10°C/second. During the primary heat treatment step, lath 
martensite' is- produced in the" : steel sheet In ; the- present"' 
invention, the most : important point is to 1 form lath 
martensite during th% prima ry ; heat?' treatment- sVepVv Unless 1 ' 
t he^'Tath: • mart ens it e : - : i-s iormed* ; in the' steel" f s r heet , :r it i r s : 
di f f icult? '-"tfroi f orm a ''secondary- phase, containing ' retained - 
austehite irir the subsequent steps. : ' 

When a hot-rolled- steel -sheet*,' subjected 1 to - final' hot 
rolling at a'- temperature- of riot "'less than % (Ar 3 ' transformation 
point - 50°C) V 'is' used as an original* sheet for plating',' the 
primary heat treatment 'step can be substituted the steel 
sheet for rapidly cooling to a temperature of not less than 
Ms poin-t at a cooling rate" of not less' than 10°C/second 
during cooling after the final hot rolling. 

Then, the steel sheet : containing lath martensite formed 
during the above-described primary h^at treatment is 
subjected to a secondary heat treatment step for heating to 
and holding at a temperature- in the range of A cl 
transformation point ' to A c3 transformation point on a 
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continuous hot-dip galvanizing line. During the secondary 
heat treatment step, the lath martensite formed during the 
primary heat treatment step is changed into tempered 
martensite, and a part of the structure is transformed into 
austenite for formation of retained austenite. 

A heating and holding temperature of less than the A^ 
transformation point in the secondary heat treatment step 
cannot form retained austenite. A heating and holding 
temperature exceeding the A C3 transformation point causes r 
retransf ormation of the entire structure of the steel sheet 
to austenite, whereby the tempered martensite disappears. 
For these reasons, the heating and holding temperature in 
the secondary heat treatment is within the range of the A cl 
transformation point to the A c3 transformation point. 

Then, the steel sheet heated to and held at a 
temperature in the range of the A cl transformation point to 
the A C3 transformation point in the second heat treatment 
step is preferably cooled to a temperature of not more than 
500°C at a cooling rate of 5°C/second or more, from the 



viewpoint of forming retained "austenite. Tfiis can achieve a 
composite structure of a primary phase containing a ferrite 
phase and a tempered martensite phase and a secondary phase 
containing retained austenite in the steel, sheet. 

The steel sheet after ±he secondary heat treatment is 

..... •* 

subsequently subjected to a hot-dip galvanizing treatment 



% 
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* ■ . ■ ■ • •» • ■ 

step on a continuous hot -dip galvanizing line . 

The hot-dip galvanizing treatment may be carried out 

under treatment conditions (galvanizing bath temperature: 

450 to 500°C) used in a usual continuous hot-dip galvanizing 

. : .. f .:. 

line without a particular restriction. Because galvanizing 
at an excessively high temperature leads to a poor 
platability, galvanizing is preferably conducted at a 
'temperature 'of not more than 500°C. Galvanizing at a 
temperature of less than 450°C causes deterioration of 
platability. From the viewpoint of forming martensite, the 
cooling rate from the hot-dip galvanizing temperature to 
300°C is preferably not less than 5°C/second. 

For the purpose of adjusting the galvanizing weight as 
required after galvanizing/ wiping may be performed. 

After the hot-dip galvanizing treatment, an alloying 
treatment of a galvanizing layer may be applied. The 
alloying treatment is preferably carried out by reheating 
the plated sheet to a temperature in the range of 450 to 
500°C after the hot-dip' galvanizing treatment. At an 
alloying treatment temperature of less than 450°C, alloying 
is decelerated, resulting in low" productivity. On the other 
hand, an alloying treatment temperature exceeding 550°C 
causes deterioration of platability, makes it difficult to 
secure a required amount of retained austenite, and decrease 

r 

ductility of the steel sheet. 
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After the alloying treatment, the sheet is preferably 
cooled to 300°C at a cooling rate of not less than 5°C/second. 
An extremely low cooling rate after the alloying treatment 

+ 

makes it difficult to form a required amount of retained 
austenite. 

In the present invention, pickling treatment for 
removing a concentrated surface layer of the constituents 
formed on the surface of the steel sheet during the primary 
heat treatment step is preferably performed between the 
primary heat treatment step and the hot-dip galvanizing step, 
for the improvement in platability. By the primary heat 

1 

treatment, P and oxides of Si, Mn, Cr, etc. are concentrated 
on the steel surface to form a concentrated surface layer. 
It is favorable for improving platability to remove this 
concentrated surface layer through pickling and to conduct 
annealing in a reducing atmosphere subsequently on the 
continuous hot-dip galvanizing line. 

After the hot-dip galvanizing or the alloying treatment 

r 

step, a temper rolling step with a reduction of not more 
than"10%~may~ be applied ~f or "adjustments" such~~a - s"~shape~ 
correction and surface roughness adjustment. 

To the steel sheet of the present invention, any 
special treatment may be applied after the hot-dip 
galvanizing, to improve chemical treatment ability, 

» ■* • 

*■ ■ 

weldability, press formability, and corrosion resistance. 



1 
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<Examples> . 

: 

* • ♦ 

(Example 1) 

. ; ' . 1 * 

Molten steels having the compositions 1 shown in Table 1 

were made in a converter and cast into steei slabs by a 

continuous casting process. Each.' of ' these steel slabs was 

... ^ ........ . 

reheated, and hot-rolled under conditions shown in Table 2 
into a hot-rolled steel strip (Hot-rolled sheet), haying a 

■ • * - * j • ■ 

» 1 , ■ t 

' \ ' ; • 5 1 • » ' 5 

thickness of 2.0 mm. The hot-rolled sheet : was temper-rolled 



at a reduction of 1.0%. 




1 
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For the resulting hot-rolled steel strip (hot-rolled 
steel sheet) , the microstructure, tensile properties, strain 

i 

4 

age hardenability, and hole expanding property were 
determined. Press formability was evaluated in terms of 
elongation El (ductility) , TS x El balance and hole 
expanding ratio X- Test methods were as follows. 
(1) Microstructure 

F 

A test piece was sampled from each of the resultant 
hot-rolled sheets, and the microstructure of the cross- 
section (section C) perpendicular to the rolling direction 
of the steel sheet was observed with an optical microscope 
and a scanning electron microscope. The volume ratios of 
the ferrite phase, the bainite phase, and the martensite 

r 

phase in the steel sheet were determined with an image 
analyzer using a photograph of the cross-sectional structure 

4 

at a magnification of 1,000. The volume ratios of the 
retained austenite phase were determined by polishing the 
steel sheet . to the central plane in the thickness direction, 
and by measuring diffraction X-ray intensities at the 
central p lane": M'o^ Ka-f ays~were ~used~a i*s~ inc±~dent~~ X-rays, t Ke" 
ratios of the diffraction X-ray strengths of the planes 
{200}, (220) and (311) of the retained austenite phase to 
the diffraction X-ray strengths of the planes {110}, {200) 
and {211) of the ferrite phase, respectively, were 

..... ■ » v 

determined, and the volume ratio of the retained austenite 
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was determined from the average of these ratios. 

(2) Tensile properties 

■ * < 

JIS No. 5 tensile test pieces were sampled from the 
resultant hot-rolled sheets/ and a tensile test was carried 

* . - . 

out in accordance with JIS Z 2241 to determine the yield 
strength YS, the tensile strength TS, and the elongation El. 

(3) Strain age hardenability 

JIS No. 5 test pieces were sampled in the rolling 
direction from the resultant hot-rolled steel sheets. A 
plastic deformation of 5% was applied as a pre-def ormation 
(tensile prestrain) . After a heat treatment at 250°C for 20 
minutes,, a tensile test was carried out to determine tensile 
properties (yield stress YS TH and tensile strength TS HT ) and 
to calculate AYS = YS rk - YS, and ATS = TS HT - TS, wherein 
YS TH and TS HT were yield stress and tensile strength after 
the pre-def ormat ion/heat treatment, and YS and TS were yield 
stress and tensile strength of the hot-rolled steel sheets. 

(4) Hole expanding property 

A hole was formed by punching a test piece sampled from 
the resultant hot-rolled sheet in accordance with Japan Iron 
and Steel Federation Standard (JFS T 1001-1996) with a punch 
having a diameter of 10 mm. Then 7 the hole was expanded 
with a conical punch having a vertical angle of 60° so that 
burrs were produced on the outside until cracks passing 
through the thickness form, thereby determining the hole 
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expanding ratio X. The hole expanding ratio X was calculated 
by the formula: X (%) = { (d - d 0 )/d 0 } x 100, where d 0 is 
initial hole diameter (punch diameter) , and d is inner hole 
diameter upon occurrence of cracks. 

* 

The results are shown in Table 3. 
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All Examples according to the present invention show a 
high elongation El, a high strength/ductility balance (TS x 
El), and a high hole expanding ratio X, suggesting excellent 
stretch flanging formability. In addition, all Examples 
according to, the present invention show a very large ATS, 
suggesting that these samples had excellent strain age 
hardenability - Comparative Examples outside the scope of 
the present invention, in contrast, suggest that the samples 
have a low elongation El, a small hole expanding ratio X, a 
low ATS, and decreased press formability and strain age 
hardenability . 

(Example 2) 

Molten steels having the compositions shown in Table 4 
were made in a converter and cast into steel slabs by a 
continuous casting process- Each of these steel slabs were 
reheated, and hot-rolled under conditions shown in Table 5 
into a hot-rolled steel strip (hot-rolled sheet) having a 

* • * -. 

thickness of 2.0 mm. The hot-rolled steel strip was temper- 

-rolled~at-~a— reduction of — l-rO'%-; : = — 



GA 02387322 2002-05-24 



Best Available C&pf 



387322 2002-05-24 



I 

CP* 
I 



in 

•0 




CA 02387322 2002-05-24 



-100- 

For the resultant hot-rolled steel strip (hot-rolled 
steel sheet) , the microstructure, the tensile properties, 
the strain age hardenability, and the hole expanding ratio 
were determined as in Example 1. Press formability was 
evaluated in terms of elongation El (ductility) , TS x El 

r * ■ 

balance and the hole expanding ratio X. 

* • * ■ 

The results obtained are shown in Table 6. y 
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All Examples according- to the present invention showed 

* ■ 

a high elongation El, a high strength-ductility balance (TS 
x El) having excellent press formatility, and further showed 
a very large ATS, suggesting that these samples had 
excellent strain age hardenability . Comparative Examples 
outside the scope of the present invention, in contrast, 
suggest that the samples had a low elongation El, a low ATS, 
and decreased press formability and strain age hardenability. 

(Example 3) 

Molten steels having the composition shown in Table 7 
were made in a converter and cast into steel slabs by a 
continuous casting process. Then, each of these steel slabs 
was reheated to 1, 250°C, and hot-rolled in a hot rolling 
step of hot rolling at a finish rolling end temperature of 
900°C and a coiling temperature of 600°C into a hot-rolled 
steel strip (hot-rolled sheet) having a thickness of 4.0 mm. 
Then, the hot-rolled steel strip (hot-rolled sheet) was 
subjected to a cold rolling step of pickling and cold- 
rolling into cold rolled steel strip (cold-rolled sheet) 
having a thickness of 1.2 mm. Thereafter, the cold-rolled 
steel strip (cold-rolled sheet) was subjected to 
recrys talliza tion annealing step comprising heating and 
soaking treatment and a subsequent retaining treatment under 
the conditions shown in Table 8 on the continuous annealing 
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-103- 
line to obtain cold-rolled annealed sheet. The resultant 
steel strip (cold-rolled annealed sheet) was further temper 
rolled at an reduction of 0.8%. 
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■ ■ * ■ ■ '. 

A test piece was sampled from the resultant steel strip, 
and the microstructure, tensile properties, the strain age 
hardenability, and the hole expanding property were 
investigated, as in Example 1. The press formability was 

^ ; , • . *■ , j * ' * "* • t — 

evaluated in terms of the elongation El (ductility) , 
strength-elongation balance TS x El, and the hole expanding 
ratio, as. in Example 1- 

( 1 ) Microstructure 

■ . <■' - . ■ . - 



A test piece was sampled from each of the resultant 
steel sheets, and the microstructure of the cross-section 
(section L) in the rolling direction of the steel sheet was 

> . - ■" ..... -■ . .. • . i.. * ■ . . • . ..«♦.• . . . v. i. _ » . 

observed with an optical microscope and a scanning electron 

i v..?..*::. :":1c, ?; .: , «; ^Sf... r / ^ ,; 

microscope. The volume ratios of the ferrite, bainite, and 
martensite phases in the steel sheet were determined, as in 

^ ',-„.•_ - J •*• -s * ■ - ■ *i , ^ • > -i * ,'"* -j •.< ■ *" - < - 

• ; ! j, , i . l 7 .■ i s» ' «.-» - J - J • - -■ ± - •» ' - ' "- - • ■ — .- — * _ j. , ► . 

Example 1, by image analysis using a photograph of the 
cross-sectional structure at a magnification of 1,000. The 
amount of the retained austenite was determined, as in 
Example 1, by polishing the steel sheet to the central plane 
in the thickness direction and by measuring diffraction X- 
ray intensities at the central plane. The incident X-ray, 
the planes of the ferrite phase, and the planes of retained 
austenite used were the same as those in Example 1. 



(2) Tensile properties 

JIS No. 5 tensile test pieces were sampled from the 
resultant steel strips in the direction perpendicular to the 
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-log- 
rolling direction, and a tensile test was carried out, as in 
Example 1, in accordance with JIS 2 2241 to determine yield 
strength YS, tensile strength TS, and elongation El. 

(3) Strain age hardenability 

JIS No. 5 test pieces were sampled in the direction 
perpendicular to the rolling direction from the resultant 
steel strips (cold—rolled annealed sheets). A plastic 
deformation of 5% was applied as a pre-def ormation (tensile . 
prestrain) , as in Example 1. After a heat treatment at 250°C 
for 20 minutes, a tensile test was carried out to determine 
tensile properties (yield stress YS HT , and tensile strength 
TS HT ) and to calculate AYS = YS HT - YS, and ATS = TS HT - TS, 
wherein YS HT and TS HX were yield stress and tensile strength 
after the pre-def ormation -heat treatment, and YS and TS 
were yield stress and tensile strength of the steel strips 
(cold-rolled annealed sheets) . 

4 * 

(4) Hole expanding property 

A hole was formed by punching a test piece sampled from 
the resultant steel strip in accordance with Japan Iron and 
Steel Federation Standard JFS T 1001-1996 with a punch 



having a diameter of 10 nun, Then, the hole was expanded 
with a conical punch having a vertical angle of 60° so that 
burrs were produced on the outside until cracks passing 
through the thickness form, thereby determining the hole 
expanding ratio X, as in Example 1. 
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The results are shown in Table 9 



! . 
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-no- 
Aii Examples according to the present invention are 
cold-rolled steel sheets having a high elongation El, a high 
strength-elongation balance TS x El, a high ' hole expanding 
ratio K, and excellent press formability including stretch 
flanging formability. In addition, Examples according to' 

♦ ♦ - 4 m 

the present invention each show a very large ATS/ suggesting 
that the samples have excellent strain age hardenability. 
Comparative Examples outside the scope of the present 
invention, in contrast, suggest that the samples each have a 
low elongation El, a low TS x El, a small hole expanding 
ratio X, a low ATS, and decreased press formability and 
strain age hardenability. 

(Example 4 ) 

Molten steels having the compositions shown in Table 10 
were made in a converter and cast into steel slabs by a 
continuous casting process. Each of these steel slabs were 
reheated to 1,250°C, and hot-rolled by a hot rolling step of 
hot rolling with a finish rolling end temperature of 900°C 
and a coiling temperature of 600°C into a hot-rolled steel 
strip (hot-rolled sheet) having a thickness of 4.0 mm. Then, 
the hot-rolled steel strip (hot-rolled sheet) was subjected 
to a cold rolling step of pickling and cold-rolling into a 
cold rolled steel strip (cold-rolled sheet) having a 
thickness of 1.2 mm. Thereafter, the cold-rolled steel 
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-Hl- 
strip (cold-rolled sheet) was subjected to recrystallizat ion 
annealing step comprising a heating and soaking treatment 
and a subsequent retaining treatment under the conditions 
shown in Table 11 on a continuous annealing line to obtain 
cold-rolled annealed sheet. The resultant steel strip 
(cold-rolled annealed sheet) was further temper-rolled at an 
reduction of 0.8%. 
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A test piece was sampled from the resultant steel strip, 
and the microstructure, the tensile properties, the strain 

< 

age hardenabili ty , and the hole expanding property were 
investigated, : as in Example 3. 

The results are shown in Table 12. 
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All Examples according to. the present invention show a 
high, elongation El, , a high, strength-ductility balance TS x 
El, and a high hole expanding ratio \, suggesting that the 
samples have excellent press formability including stretch 
flanging formability. In addition, , Examples according to 
the present invention show . a very large ATS, sugqestinq that 
the samples have excellent strain age hardenability . 
Comparative. Examples- outside the scope of the present 
invention, in contrast^ suggest that, the samples have, a low 

11. hole expanding ratio . A.. 

* « ». — - « " _ ' -f . ■ . «... » 

a . ; 1 .9, W . A TS^ and decreased press, formability and. strain; age _ 
hardenability. 

. *L > . .... ' - " - 1 ' ' • • « - ' * I ~ J m to" m-* _ 



(Example 5) 



Molten steels haying the compositions shown in Table 13 
were made in. a converter^, and cast into steel slabs bv a 

^'l'. . I v. . t . . ." . t .. Cj • • i- 1 ' v- - .j , 1 . . • i . . ^ ■ . - • _■»...■, i 

continuous casting process. These .slabs were hot-rolled 
under the conditions, shown in Table. 14 into hot-rolled- steel 
strips (hot-rolled sheets) . 

After pickling, each of these hot-rolled steel strips 
(hot-rolled sheets) was subjected to a primary heat 
treatment step on a continuous annealing line (CAL) under 
the conditions shown in Table 14 and a secondary heat 
treatment step on a continupus hot-dip galvanizing line 
(CGL) under the conditions shown, in ..Table .14 . Then, the 
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sheet was subjected to a hot-dip galvanizing treatment step 
of performing a hot-dip galvanizing which forms a hot-dip 
galvanizing layer on the surfaces of the steel sheet. Then, 
an alloying treatment step of alloying the hot-dip 
galvanizing layer was applied under the conditions shown in 
Table 14. Some of the steel sheets were left as hot-dip 
galvanized . 

After further pickling, the hot-rolled steel strip 
(hot-rolled sheet) obtained by the above-mentioned hot 
rolling was subjected to a cold rolling step under the 
conditions shown in Table 14 into a cold-rolled steel strip 
(cold-rolled sheet) . Then, the cold-rolled steel strip 
(cold-rolled sheet) was subjected to a primary heat 
treatment step on a continuous annealing line (CAL) under 
the conditions shown in Table 14. After a secondary heat 
treatment step on the continuous hot-dip galvanizing line 
(CGL) under the conditions shown in Table 14, a hot-dip 
galvanizing treatment step was performed. Then, an alloying 
treatment step was performed under the conditions shown in 

Table— 14™ — Some— of the- s teel— shee ts— were— le f t™ as— ho t-dip 

galvanized . 

* 

Prior to the secondary heat treatment step on the 
continuous hot-dip galvanizing line (CGL), some of the steel 
sheets after th£ primary heat treatment step were subjected 
to a "pickling treatment shown in Table* 14 . The pickling 



i 
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♦ * 

treatment was carried out in a pickling bath on the entry 
side of the CGL. 

The galvanizing bath temperature was within the range 
of 460 to 480°C, and the temperature of ( the steel sheet to 

: * ' ■ : ' 

be dipped was within the range of the galvanizing bath 

* * - * 

temperature to (bath temperature + 10°C) . In. the alloying 

t 

treatment, the sheet was reheated- within the temperature 

. • ; } , i ! : 

range of 480 to 540°C / and held: at the temperature -for 15 to 
28 seconds. The cooling rate. after the alloying treatment 
was 10°C/second. The plated steel sheet was further .temper 
rolled at a reduction of 1.0%.-' 



» * 
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For the hot-dip galvanized steel sheet (steel strip) 
obtained through the above-mentioned steps, the 
microstructure, the tensile properties, the strain age 
hardenability, and the hole expanding ratio were determined, 
as in Example 1. Press formability was evaluated in terms 
of elongation El (ductility), and hole expanding ratio. 

(1) Microstructure 

The microstructure of the cross-section (section L) in 
the rolling direction of the steel sheet was observed with 
an optical microscope and a scanning electron microscope. 
The volume ratios of the ferrite phase, lath martensite 
phase, tempered martensite phase, and martensite phase were 
determined, as in Example 1, by image analysis using a 
photograph of cross-sectional structure at a magnification 
of 1,000. The amount of retained austenite was determined, 
as in Example 1, by polishing the steel sheet to the central 
plane in the thickness direction and by measuring 
diffraction X-ray intensities at the central plane. The 
incident X-ray, the planes of the ferrite phase, and the 
planes of retained austenite used were the same as those in 

■ . - . ■ i.iMi m ■■ m ■ ii f i ■ - — — . - — -■■ . — — . - * * l — — mtmm ■■ — ■■ ■ ■ ■ ■ ■ ■ I . . . ■ — - - -■ - ■ ■ ■ ■ ■■ — ■■■■ ■ ■ ■ ■ I ■ - ■ ■ ■ ■ ■ — - -*-»- • ■ ■ M ■ — ■ ■ - — — ~- — — 

r 

Example 1. 

(2) Tensile properties 

JIS No. 5 tensile test pieces were sampled from the 
resultant steel strips in the direction perpendicular to the 

* 

rolling direction, and a tensile test was carried out in 
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» 

accordance with JIS Z 2241 to determine the yield strength 
YS,;the tensile strength TS, and the elongation El, as in 

♦ 

Example 1 . 

(3) i Strain age hardenability ..**■'.* 

■' • 

.JIS No. 5 test pieces were sampled from the resultant 

steel strips in the direction perpendicular to the rolling 

*. . ' 

direction, and a plastic deformation of 5% was. applied as a 

'I"-. . ... 

1 • » ■ . . 

pre-def ormation (tensile* prestrain) , as in Example 1. After 
a heat treatment at 250°G for 20' minutes, a tensile test was 
carriecl out;, to determine : tensile, properties (yield stress 
YS TH/ jand tensile' strength' TSh T ) and to calculate AYS = YS TH - 

[ * , » 

YS> ;and ATS = TS Ht - TS wherein .YS X h, an'd^ TS HT were yield ; 

■ • • • . 

stre ; ss and tensile strength after the pre-deformation - heat 

* * — - - . 

treatment, and YS and TS were yield stress and : tensile! 



strength of the steel strips. 
(4) Hole expanding ratio 

; A hole was formed by punching a test piece .sampled from 

• * 1 - ■ 

i i ' - i 

the resultant steel strip in accordance with Japan Iron and 
Steel Federation Standard JFS T 1001-1996 with a punch 
having a diameter of 10 mm. Then, the hole was expanded 
with a conical punch having a vertical angle of .60°C so that 
burrs were produced on the outside until cracks' passing 
through the thickness form, thereby determining ' the hole 
expanding ratio X, as in Example 1. 

\ The results are shown in Table 15. 
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All Examples according to the present invention each 
show a high elongation El and a high hole expanding ratio X, 
suggesting that the samples are hot -dip galvanized steel 
sheets having an excellent stretch flanging f ormability . In 
addition, Examples according to the>present invention showed 
a very large ATS , suggesting that the samples are steel 
sheets having excellent strain age hardenability. 
Comparative Examples outside the scope -of the invention, in 
contrast , suggest that the samples ..are. steel sheets having a 
low - elongation .El , a, small hole expanding rat io k, a low 

4 

ATS and decreased press : f prmabil ity . and. strain - age . 
hardenability. i. . t: 

(Example 6) 

Molten steels having the compositions shown in Table 16 
was made in a converter and cast into steel slabs by a 
continuous casting process. Each of these steel slabs were 
reheated to 1,250°C, and hot-rolled by a hot rolling step of 
hot rolling with a finish rolling end temperature of 900°C 
and a coiling temperature of 600°C into hot-rolled steel 
strip (hot-rolled sheet) having a thickness of 4.0 mm. 
Then, the hot -rolled steel strip (hot -rolled sheet) was 
subjected to a cold rolling step of pickling and cold- 
rolling into cold-rolled steel strip (cold-rolled sheet) 
having a thickness of .1.2 mm. Then, the cold-rolled steel 
strip (cold-rolled sheet) was subjected to a primary heat 
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treatment step on a continuous annealing line (CAL) under 
the conditions shown in Table 17. Then, the sheet was 
subjected to a secondary heat treatment step on a continuous 
hot-dip galvanizing line (GGL) under the conditions shown in 
Table 17 and then, subjected to a hot-dip galvanizing 
treatment step to form a hot-dip galvanizing layer on the 
surfaces of the steel sheet. In addition, an alloying 
treatment step was applied under the conditions shown in Fig. 
17. The cooling rate after the alloying treatment was 
10°C/second. Some of the steel strips (steel sheets) were 
left as hot-dip galvanized. 
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A piece was sampled from the resultant hot-dip 
galvanized steel strip, and the microstrucfure, the tensile 
properties, the strain age hardenabilit y , and the bore 

* * 

expanding property were .investigated, as; in Example 5. 
The results are shown . in Table 18. 
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All Examples according to the present invention show a 
high elongation El and a high bore~ : expanding . ratio X, 
suggesting that the examples are hot-dip galvanized steel 
sheets having excellent press f ormability . In addition, all 
Examples according to the present, invention show a very 
large ATS, -suggesting that the samples are -steel sheets 
having excellent strain age hairdenabil ity . Comparative 

. .# ■ — i - .f'*.--i * . . . • - ■ < » - - = . •« I . *■ • V . ' a . * . . 

Examples outside the scope of the invention, in contrast, 

fc * ■, * * i * . - - * - • ' i i - . . * . v - • 7 % r -i • ■ / - \ 

suggest that the samples are steel sheets. .having a low - 
elongation El, a low X, a low ATS, and decreased press 



f ormability^ and strain-' age hardehabilaty*.' 

i . - , 

According to the 'present invention, it Ts possible to 

:> ' A*.*',;- ' . ..v. k • . - Aw' , , * • K*--\r .XC>. *J V Jl . ..»...• ^ ; 

stably manufacture steel sheets .(hot-rolled steel sheets, 
cold-r.olled steel sheets and, hot-dip galvanized steel 

• ' -* » 

.sheets) in which' the tensile -strength 1 is remarlcably 
increased through a heat treatment applied' after "press 

_•«-.-»« ■ . - 

i • . - - ■ • * • 

forming while maintaining excellent press formability, 
giving industrially remarkable. effects. When applying a 
steel sheet of the present invention to automotive parts, 
there are available advantages of easy press forming, high 

A 

and stable parts properties after completion, and sufficient 
contribution to the weight reduction of the automobile body. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A high-ductility steel sheet excellent in press 
formability and in strain age hardenability as represented by 
a ATS of not less than 80 MPa, comprising a composite structure 
containing a primary phase containing a ferrite phase and a 
secondary phase containing a retained austenite phase in a 
volume ratio of not less than 1%; wherein the hot -rolled steel 
sheet has a composition comprising, in weight percent, C: 0.05 
to 0.20%, Si: 1.0 to 3.0% Mn: not more than 3.0%, P: not more 
than 0,10%, S: not more than 0.02%, Al: not more than 0,30%, 

» 

N: not more than 0.02%, and Cu: 0.5 to 3.0%, and the balance 
Fe and incidental impurities. 

2. A high-ductility steel sheet excellent in press 
formability and in strain age hardenability as , represented by 
a ATS of not less than 80 MPa, comprising a composite structure 
containing a primary phase containing a ferrite phase and a 
secondary phase containing a retained austenite phase in a 
volume ratio of not less than 1%; wherein the hot-rolled steel 
sheet has a composition comprising, in weight percent, C: 0.05 
to 0.20%, Si: 1.0 to 3.0% Mn: not more than 3.0%, P: not more 

i- 

than 0.10%, S: not more than 0.02%, Al: not more than 0.30%, 
N: not more than 0.02%, and Cu: 0.5 to 3.0%, and the balance 
Fe and incidental impurities and at least one of the following 

Group^~AT^to~C7~ ~ ~ ~ ~~ 

Group A: Ni: not more than 2.0%; 

Group B: at least one of Cr and Mo: not more than 2.0% in 
total ; and 

Group C: at least one of Nb, Ti, and V: not more than 0.2% 
in total. 

3. A high-ductility steel sheet excellent in press 
formability and in strain age hardenability as represented by 
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a ATS of not less than 80 MPa, comprising a composite structure 
containing a* primary phase containing a f errite phase and a 

_ ♦ • 

secondary phase containing a retained austenite phase in a 

* * * 

volume ratio of not less than 1%; wherein the hot-rolled steel 
sheet has a composition comprising, in weight percent, C: 0.05 
to 0.20% f Si: 1.0 to 3.0%, Nm : not more than 3.0%, P: not more 
than 0.10%, S: not more than 0 . 02% , Al: riot more ' than 0.30%, 
N: not more' 'than* 6 . 02%, at least one of Mo: 0.05 to 2.0%, Cr: 
0.05 to 2.0% and W: 0.05 to- 2.0%, not moire than 2.0% in total, 
and the balance Fe and incidental impurities . 

* 

4 . A high-ductility steel sheet excellent in press 
f ormability" and 4 in strain acfe Rairdenability as represented by 
a/ATS of riot less than 80 MPei/ comprising a composite structure 
containing a primary phase containing a f errite phase and a 
secondary phase containing a ■"•'retained*' 'austehite phase in a 

"volume fsltid of hot i'ess'tKkn 1%;' whereiri the hot-rolled steel 
sheet'has'a 1 composition 'comprising/ in weight percent, C: 0 . 05 
to 0 . 20%, " Si : u l /0 to 3 . 6%," Nm: not more than 3 . 0% , P: not more 
than 0~io%J" S: not nioire than 0.02%, Al: hot more than 0.30%, 
N: not rhore'than 0/02%, at least one of Mo: 0.05 to 2.0%, Cr: 
'd:05 to v *2 .0% arid " WT: r oVdS^to 2V0%', hot more than 2 . 0% in total, 
and the balance Fe and incidental impurities and at least one 
of" Nb, Ti, arid V,' "in 'ah amo'uhrbf;'nbt more than 2.0% in total. 

» * - 

5. A method for manufacturing a high-ductility hot-rolled 
steel sheet excellent in press formability and in strain age 

hardenability as represented by a ATS of not less than 8 0 MPa, 

1. , - • • •• . 

comprising the steps of: 

hot -foiling a steel slab having a composition comprising, 

in weight percent, C: not more than 0.20%, Si: 1.0 to 3.0%, Mn: 

not more than 3.0%'/' P: n6t' more than 0.10%, S: not more than 

0.02%, Al: not more than 0.30%, N: not more than 0.02%, and Cu: 

0.5 to 3.0%, into a hot-rolled steel sheet having a prescribed 
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thickness, the hot rolling step including finish-rolling at a 
finish rolling end temperature of 780 to 980°C; 

cooling the finish- rolled steel sheet to a temperature in 
the range of 62 0 to 7 80°C within 2 seconds at a cooling rate of 
not less than 5 0°C/ second; 

holding the sheet at the temperature in the range of 62 0 
to 780°C or slowly cooling the sheet at a cooling rate of not 
more than 2 0°C/second for 1 to 10 seconds; 

cooling the sheet, at a cooling rate of not less than 
50°C/second to a temperature of 300 to 500°C; and 

coiling the sheet. 

6. A method for manufacturing a high-ductility hot-rolled 
steel sheet excellent in press formability and in strain age 
hardenability as represented by a ATS of not less than 80 MPa, 
comprising the steps of : 

hot-rolling a steel slab having a composition comprising, 
in weight percent, C: not more than 0.2 0%, Si: 1.0 to 3.0%, Mn: 
not more than 3.0%, P: not more than 0*10%, S: not more than 
0.02%, Al: not more than 0.30%, N: not more than 0.02%, and Cu: 
0.5 to 3.0%, into a hot-rolled steel sheet having a prescribed 
thickness, the hot rolling step including finish-rolling at a 
finish rolling end temperature of 780 to 980°C; 

cooling the finish-rolled steel sheet to a temperature in 
the range of 620 to 780°C within 2 seconds at a cooling rate of 
not less than 50°C/second; 

holding -the _sheet-at-the -temperature- in_the._ range— of 6.2.0- 

to 780°C or slowly cooling the sheet, at a cooling rate of not 
more than 20°C/second for 1 to 10 seconds ; 

cooling the sheet at a cooling rate of not less than 
50°C/second to a temperature of 300 to 500°C; and 

coiling the sheet and at least one of the following Groups 
A to C: 

• 1 * ■ ■ ' 

Group A: Ni: not more than 2.0%; 



Best Available ®apy2387322 2007-07-24 



- 134 - 

Group B: at least one of Cr and Mo: not more than 2.0% in 
total ; and 

Group C: at least one of Nb, Ti / and V: not more than 0.2% 
in total . 

* • 

7. A method for manufacturing a high-ductility hot-rolled 
steel sheet excellent * in press formability and in strain age 
hardenability as represented by a ATS of not less than 80 MPa, 
comprising the steps of: 

hot-rolling a steel slab having a composition comprising, 
in weight percent, C: 0.05 to 0^20%, Si: 1.0 to' 3.0%, Mm not 
more than 3.0%, P: not more than 0 . 1 6* , ' S i not more than 0.02%, 
Al: not - more than - 0 .^3 0 % , N: not more thdn 0.02%, and at least 
one 6f MoV*0 ? . 05/ to 2 . 0%/ Cr : 0 : : 05 to 2 ; 0% : arid^ W: - OV05 to 2.0% 
in "a total- amount >"&^ri^ 6%';'^±n€ ; b a hot-rolled 

steel sheet having a preWf ibed thfcknessV^ step 
including finish-rolling at a finish rolling end temperature 
Of : ieb 1 to ; 980?C; ; r : r ■'} - . - 

- cooling the finish-rolled steel sheet to a temperature in 
the range- of- 620 to 78 0°C within 2 seconds at a cooling rate of 
not less than 50°C/second; 

holding the sheet at the 'temperature in the range of 620 
to 780°C or slowly cooling the sheet at a cooling rate of not 
more than 2 0°C/ second for 1 to 10 seconds ; 

cooling the sheet at* a cooling rate of not less than 
50°C/second to a temperature of 300 to 500°C; arid 

coiling the sheet. 

8. A method for manufacturing a high-ductility hot-rolled 
steel sheet excellent in press formability and in strain age 
hardenability ' as represented by a ATS of not less than 80 MPa, 
comprising the steps of: 

hot-rolling a steel slab having a composition comprising, 
in weight percent, C: 0.05 to 0.20%, Si: 1.0 to 3.0%, Mn: not 
more than -3.0%, P: not more than 0.10%, S: not more than 0.02%, 
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Al: not more than 0.30%, N: not more than 0.02%, and at least 
one of Mo: 0.05 to 2.0%, Cr: 0.05 to 2.0% and W: 0.05 to 2.0% 
in a total amount of not more than 2.0%, into a hot-rolled 
steel sheet having a prescribed thickness, the hot rolling step 
including finish-rolling at a finish rolling end temperature 

of 780 to 980°C; 

cooling the finish-rolled steel sheet to a temperature in 
the range' of 620 to 780°C within 2 seconds at a cooling rate of 
not less than 50°C/second; 

holding the sheet at the temperature in the range of 620 
to 780°C or slowly cooling the sheet at a cooling rate of not 
more than 2 0°C/ second for 1 to 10 seconds; 

> * 

cooling the sheet at a cooling rate of not less than 
50°C/ second to a temperature of 300 to 500°C; and 

coiling the sheet and at least one of Nb, Ti, and V in a 
total amount of not more than 2.0%. 

9. A method for manufacturing a high-ductility hot-rolled 
steel sheet according to any one of Claims 5 to 8, wherein all 
or part of the finish rolling is lubrication rolling. 

10. A high-ductility steel sheet excellent in press 
formability and in strain age hardenability as represented by 
a ATS of not. less than 80 MPa, comprising a composite structure 
containing a primary phase containing a ferrite phase and a 
secondary phase containing a retained austenite phase in a 
volume -ratio - of- not- less — than— 1 %-? — and— having— a - compos i t ion 
comprising, in weight percent, C: 0.05 to 0.2 0%, Si: 1.0 to 
3.0%, Mn: not more than 3.0%, P: 0.005 to 0.10%, S: not more 
than 0.02%, Al: not more than 0.30%, N: not more than 0.02%, 
and Cu: 0 . 5 to 3.0%, and the balance Fe and incidental 
impurities. 

* m 

* ' - • - 

11. ^ high-ductility : ;steel sheet excellent - in press 
formability and in strain age hardenability as represented by 
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a ATS of not less than 80 MPa, comprising a composite structure 
containing . a primary phase containing, a f errite phase and a 
secondary phase containing a retained austenite phase in a 
volume ratio of not less than 1%, and having a composition 
comprising, in weight percent, C: 0.05 to 0.20%, Si: 1.0 to 
3.0%, Mn: not more than 3.0%, P: not more than 0.10%, S: not 
more than 0.02%, Al : not more than 0.30%, N: 1.0010 to 0.02%, 
and Cu: 0.5 to 3.0%, and the balance Fe and incidental 
impurities;- 
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